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THE FACTOBT 0£ MILL HAND AS A 
TECHNICAL WOBEEK. 

The Organisation, Ceneral Duties, and Special 
Work of the Staff of Factories for the Produc- 
tion OF Sj'Un and Woven (iOods— that is, “Yarn*’ 
AND “ Cloth *and those chiefly in Cotton and 
Wool —General ])hs(HaPTioN of the Various Pro- 
cesses or Manufacture. 

CHAFTER YTII. 

At the end of last chapter (vol. ii., p. 258), in describing 
the proo(‘ss of drawing cotton fibres, we observed that 
if a band or fcliver of the fibres pass between two 


the end of it are rolled on rollers (fig. 6), and are 
afterwards united and made into wider sli\ers ]»y a 
doubling engine or lapping machine, like the one 
.sliown in the illustration. 

These lap rolls, «, are brought to the finisher card- 
ing engine (fig. 5), and taken up by a double pair of 
grooved feeding rollers, c, the first pair of which 
revolve slower than the second in the? ratio of 10 to 
13. F'nmi these rollers the cotton is conveyed by the 
roller i to the drum A and the roller between 
which it Ls worked up. Situat(*d higher up are two 
more rollers, and two stri])pers, /, which, to- 



rollers, it leaves them at the same velocity with which it 
entered. But if it htj taken off (piicker than it enters, it 
is stretched in the exact proportion as the velocity at 
which it enters is to the velocity at which it comes out. 

In the dmwing rollers of the finisher carding engine, 
fig. 5, the velocity of the pair of rollers nearest <j is 
double that of the pair whicli receive the sliver from 
the trumpet-mouth delivering point of the carder. 
Conseipiently, in passing through, the length of the 
sliver is doubled. 

Generally the slivers, when they come from the 
rollers g g; are led away through a channel, and at 

VOL. ui. 


gether with the drum A, work up the cotton exactly 
in the same manner as at k. The reniaindor of the 
drum is covered in, and the dolFcr n performs the 
sjimo functions as in the breaker carding engine. 
The cotton (or weh, or fioece as it is now called) is 
taken off by tlio doffei* knifi* d a, and is ready for the 
** di-awing frame,” wliich will be described in a 
succeeding paragraph. 

Stripping or Self-Cleaning Carding Engine. 

LN'orn time to time the carding-clotli on the drum 
and case must he cleaned, and the teeth sharpened so 
as to exhibit a uniformly curved surface. 
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The sharpening is generally done by emery powder, which works in the segment B, toothed on both sides, 
an<l the cl(*iining is performed by combing or by the and fastened to the case of the drum. From the 

hand, or elsc‘ by an arrangoment in the engine itself, dmm the motion is carried by the cord 1 to 2, and by 

A carding engine with a mechanical arrangement for the tooth wheels 3 and 4 and 5 to tlie larger wheel 

cleaning the case (automatic carding engine} is that toothed on both sides, and which work in the wheel c. 

by Dobson it Harlow, of Holton. It is now evident that eixch revolution of the toothed 

The principle of tlicse dilfei'ent engines is in so far wheels causes a simultatieous revolution, a and c, and 

similar, that the covers lift up in a certain order, by the working of the wheel c on the segment n tlie 

and a cleaning board with a soft covering is pushed movement of the cleaning apparatus is produced. 



Fig r,. 


under and removes the waste cotton. The cut, fig. 7, When the wheel c arrives at the end of the segment b, 
sliows a machine in wliich all the covers are opened it turns round to the upper side and moves thecleaiuT 
and cleaned the siunc* number of times— 2, 4, 0, S, 10, in the opposite direction. Tills is aided by a linger 
when the chviner is going forward, and 1, 3, 5, 7, 0 working on /. 

when it is returning. However, in another form of Tlie even raising of the covers on ^heir ends is 
ma(*hin<i the first set of lids is raised twice as often as caused by tlie apparatus working on both sides of the 
(he second ; thus : 2, 4, 0, 10, 14, and 13, 0, 5, 3, 1 ; then machine. But, on the other side, the motion is not 



Fig. 7. 

2, 4, G, 12, and 11, 7, 5, 3, 1. Thus the fii'st six caused by a drum, but by a motion connected with the 
<'overs are each raised twice, whilst the .wond eight wheel 5. 

are only being raised once. The opemtion of cleaning The opening of the covers is caused by thepushcr e 
is. divided between the forward or backward moving working in a slit of the arm a. The corners or noses 
of the cleaning appliance, the lifting up of the lids, of the pusher catch under the ends of the lids and lift 
and the actual cleaning itself. Tlie drum a (fig. 7), them up when the covers ^ in the wheels c are in tlie 
moved by an endless band, carries the arm A, and is opposite position to that shown in tlio sketch, and 
inside the carding drum. To this arm Is attached a move the puslier by means of a nipple. The closing 
frame, and to the latter is bolted an upper cross- o^the covers is caused by a small .spring fastened 
piece, 6 ; the cross-piece carries a toothed wheel, c, hWheir backs. 
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THE OENAMENTAL DEAUGHTSMAN: 

His Study and the Details of ith Practice, chiefly 

IN Delation to Technical Work in Manufacturino 

D ESI ON. 

CHAFrER XVI. 

The first point that we shall attempt to illustrate 
is the completeness of Nature’s expressional power. 
About her way of showing her meanings there is 
no appearance of rude hurry, no traces of confused 
incompleteness. Everything is done after the most 
careful fashion ; and her general plans, her main 
ideas, perfect though they bo, aro never allowed to 
interfere 'v\ith the eiitireness, in every point, of her 
minutest detail. TJie mountain, the shadow of vhich 
throws darkness U2)()n the earth for miles beyond its 
base, may l>e purple-clad with heather, whose every bell 
shall have beauties fai* beyond discovery by the keenest 
vision. The ocean, which stn^tchoa aw'ay on all sides 
inimitably, might employ the power of the rioldest 
painter to express the measureless mcrining of a single 
yard of its surface. No deficiency, no random purpose- 
less lines, no uncertain wavering tints, no miserable 
attempts to fill up a landscape with foolish falseluKid, 
or practising of ignoble ‘‘economy” in any kind of 
expressional eflbrt, are ever found in nature. Now, 
a}>ply this principle to tlio method of drawing or 
painting. In the artistic o()m])ositions, everything 
therein will be complete. The strokes will all have 
their meaning, distinct, d(‘cided, indispulablo. Eveiy 
form, whether it be animal, vegetable, or mineral, 
<‘loud-fiakes, eoast-sbadows, and ocean-foam, will be 
complete, entire, pcifcct. No sliu filing, no evasion, 
no laziness, bat a straigbtforwai’d looking at all tlio 
facts of the drawing or picture, and a lendcring of 
them after tla? fullest fashion (consistent with noble- 
ness and truthfulness. An honest method of work 
this ; indeed, the only lionest metliod. One of the 
greatest mistakes which students commit is to believe 
that the valuable may bo obtained without some 
equivalent at all, generally. Practically, in a thousand 
ways, we throw in seed by the wayside, and fold our 
arms contentedly, lolling out the summer, and lioping 
that things “ will come right in tlie end.” But wlieu 
the “ harvest time is gone and the summer ended ” 
wo shall find, alas! Ibat what oven* reaping there lias 
been for some, there has been none for us — sa\o the 
sorest of all reapings, the saddest of all sowings, 
that of the whirlwind and the wind. Nature is no 
niggard in the bounties she offers, she is the freest of 
all givers ; but wo must go to get her gifts, and both 
the going and the getting speak of labour, not seldom 
of pain, although in very truth he who goes ^vill find 
in his getting how true it is — to quote the fine language 
of that Book where the finest language is embodied 
in the most beautiful and suggestive of similes — 
that he who now goeth forth on his way weeping and 


beareth good seed, shall dovthtless come again with 
joy and bring bis sheaves with him.” And, in sober 
fact, the ai'tist who is true to his vocation — and that 
he is Mire to be if he ho true to himself — will find not 
seldom tliat he will go forth to his labours sorrowing. 
For it is only the inept or tlio coiu^eited who is 
satisfied with his work. The true artist is ever 
“sighing Icn* his ideal.” It is not gi\en to him to ho 
satisfied with his work. Work, indeed, considered as 
a thing done, and dime well — the only true and honest 
conctqition of wmrk, be it noted — is wh^t be never fi'cls 
that ho has doiu*. At the best ho has but honestly 
attempted to do his best. For, as one of tlio greatest 
— greatest because so morally and r<‘ligiously noble in 
Ids thoughts — of our authors has finely said, as the 
schemes and hopes of the brain go fast and far alicad of 
the dexterity of the hands or the nimbleness of ilii‘ feet, 
so the true artist ever finds that Ids high and noblest 
conceptions of art are but rarely, if ever, realised ; that 
the height bo vainly hopes to ri»aeli to-morrow lie 
finds to be but a vantage-point from wddeh he si‘(*s 
but too clearly that the point lie aimed at is unfur- 
tiinately higher than lie thought of. But tlio true 
artist, like the true man, is not dauntexi by difficulties, 
sitting to cry over them as tlu^y surround or lie bid’ore 
1dm. They are things but to be overcome. So that 
is all, and so miudi in solid* pract-iwility is it, that 
should any of our students conceive success will be 
obtained without Ids realising it, lie wdll be soi'ely 
disappointed. Should, indeed, lie bo inclined to Ix^ 
daunted by it, and not possessed of tlie bravx'ry to meet 
it, the best counsel w’e can give 1dm is to throw up 
Ids pencil and try some other trade.” 

We have said that the artist must go to nature for 
his best teaidiings. This, however, does not preclude, 
as some might deem it docs, his going also to tlie 
“works ” of artists who have gone before Idni, or who 
are his contemporaries. The true and the good 
amongst these aro worthy of b(dng set up as feachers. 
For they who did those works have done the same 
thing we here write about. Tliey have been to 
Natui'e’s scIkkiI, and it is only in so far as they have 
been apt and willing scholars that what they have 
done is good. Nature, as we have said, is infinite in 
the variety and the fulness of her exjiressional power. 
The fields for the display and the study of this are as 
wide ns they are endless and inexhaustible. Even sc^, 
and that in almost the smallest of her subjects. 
There is a year’s study in a group of stones lying on 
the face of some precipice, which have Ix^on weathered 
by the storms and the sunshine of centuries ; a year, 
indeed, would not exhaust the beauty of that which 
might be covered with your extended hands. Artists 
have been known to spend year after year in some 
favourite spot, the area of which might be measured 
by a pebble cast from a strong man's hand, till after 
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they had become grey-headed in the loving service 
t hey have confessed that, so far from having exhausted 
the beauties oi* learned all the lessons which they 
could give, they had only begun to discover how 
infinite and inexhaustible they were. A young aitist 
will learn much — it is not giv^eii to any one that he 
should leain all — from an hour or two’s study of the 
clouds. Let him lie down on some fine, warm, genial 
May day, oi* in the “leafy month of June,” when tin* 
very air he breathes is, as Hawthorne says, “ something 
to thank God for,” and look up into the sky. Let 
him honestly, in a loving, trusting, spirit, try to see as 
truly as ho can what is spread out before him. And 
if he does not i*ise from this patient study with some 
conviction of the truth that he had till then not 
even a faint conception of what the clouds show and 
teach, we shall be much surpiised. Nor will he be 
henceforth suipiised when he hears on all sides of 
him the popular expression of opinion as to what 
cloudland and its glories are, for he will then have a 
knowledge of his own previous ignorance to fall back 
upon to explain the reason. And assuredly he will 
have learned how exhaustless of artistic lessons this 
much -neglected legion of wondrous beauty is. Nor, 
in refciring him to this region of study, do we lose 
sight of what “ old mot her earth ” am teach. Neither 
is the student, who takes t-o the study of the sky to 
learn somewhat of the mysteries of the ‘‘balancing” 
of its clouds, at all likely to lose sight of or interest 
in the green fields below them, over wliich in sun- 
shine they cast their wondrous shado^^s. It is not 
giv»’n to every student to travel far to study the 
grandest of natural scenery ; hut, as wo have already 
hinted at, he will in the confined limits of even a 
hy no means picturesque locality in which he may 
l osido, find cnougli to teach him h'ssons applicable to 
his art. Indeed, if he could feel assured tliat he could 
master all the lessons yielded hy a short stretch of 
country lane, or strip of liedgerow and fence bottom, 
or failing that, but some tiny plot of town or suburban 
garden, he might well congratulate himself on the 
acquisition of his treasures. 

Noi’ let it for a moment be supposed that this 
study of nature in the widest, and failing tliat in any 
narrower aspect, wliich an art student can command, 
is only to he followed by those who design to follow 
out what is supposed to be that profession to which 
the name of “ artist ” is alone to be applied. Tliere 
is no mistake which has been made in all matters 
connected with art, which has been so pregnant with 
real mi>chief as this idea, that it is only this class of 
artist -the painter of pictures popularly so called — 
who has any lessons to learn frmii a study of 
nature. This crude notion it was which, more than 
anything else, brought about that almost utter 
absence of artistic feeling and expression in the 


popular mind, which was our national characteristic 
even at a period so recent as some quarter of 
a centiiiy ago. Nor need this popular belief be at 
all matter of surpiise, when we recollect that thei*e 
were scan^oly any of those actually concerned in the 
designing and manufacture of various objects, who 
had the I'omotest idea of the benefit they would retteive 
from tho study of nature. It was only tho other 
day that one who has done in his own particular line 
of art-manufacture more than any one to release it 
from the reproach, all too well founded, under which 
it so long laboured, earnestly advised all connected 
with his business to go to nature as being the best, 
indeed, the only place, where lessons applicable to 
true art could l>e learned. Nor did thLs ignore tlie 
value of or lessen tlie importance of study of the works 
of the best masters of design, in ancient, mediawal 
and modern times ; for tlie best of those masterpieces 
wei-e the work of men who loved nature best and 
studied most. Nor was the advice this able authority 
gave confined, or only suitable, to those connected 
ith his own branch ; it was, and is, applicable to all 
other branches of art-manufacture. And it is to the 
wider study and closej- love of Nature in all her 
glorious manifestations — alike glorious in the grandest 
sti-etch of wildest forest scenery as in the tiny flower 
which peeps from beneath a stone or waves in tho 
winds which gently sweep the banks of our country 
roads — that wo owe the fact that we have now 
manufactures to whicli, in some at least of their 
works, the teiin “ art ” may with truth he 
applied. In more than one of tho chapters yet to 
come under various lieadings in our Journal, particu- 
larly in some of those treating of special branches of 
art-manufacture, occasion will be had to enforce and 
illustrate this statement. 

We have now brought our piqiil reader to a point 
in his progress as a draughtsman where he at least 
knows what he ought to do in order to have tho 
power to execute what is called “outline” work, and 
tliis either in copying from the works of others or 
committing to paper his own conceptions of orna- 
mental form, or to take representations of objects 
which abound in an infinite variety of lines in 
combination from the inexhaustible resources whicli 
nature o])ens up to liini. The pupil reader may not 
be able at this stage of his progress to do all this 
work, or any one part of it, with facility and accuracy, 
but these will come with careful and conscientious 
practice. How to study and how to practise we have 
endeavoured to sliow, and this with at least an 
eaniest desire to ho honest with our pupil readers, 
and that, in tlieir study and practice alike, they 
should be honest to and with themselves. There is 
very much in the phi-ase “ conscientious work,” and 
'ij^out it hut little true progress will he made. 
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THE TECHNICAL STUDENTS INTEODUCTION 
TO THE GENEBAL PEINCIPLES OP 
MECHANICS. 

Laws affecting Natural Phenomena—Matter 
AND Motion, 

CHAFfER XVII. 

At the conclusion of lust cliapter we stated that 
if we knew the inonientuin of a body, w*e liad the 
measure of the force wliieh produced it. A* man 
will move a heavy load witli such difficulty that 
its speed or motion along the ground may be very 
small — say, represented by one foot per second ; he 
moves half the load with so much greater ease that 
he can move along, and in the same degree make 
the mass move with him, at the rate of two feet 
per second ; while he may have a weight so small that 
the speed of its motion will be represented by his 
walking quickly, if not absolutely running, as he drags 
after or pushes before him the weight, — but the 
<]uantity of the motion or the momentum may be the 
same, and in all the three cases the true measure of 
the force wln(‘h produced the motion. Taking the 
case illustratt‘d in preceding paragraph, of the two 
balls one of 2 lb. and the other of 224 lb., if these 
are found to move at the same velocity, by the 
different quantities of motion in each we have an 
indicjition of the ditlerent forces which were recpiirod 
to move the l)all. But the light ball and the heavy 
ball, if moved by a force ecpial in both cases, must 
have, as we have seen, different velocities : a ball of 
1 oz. in weight impelled by a given force has a velocity 
sixteen times as gre^it as a ball impelled by the same 
force wx'ighing 1 lb. or 1 (i oz. 

Arresting the Motion or Besisting the Momentum of Moving 
Bodies. 

But, as w'c have just seen that, to get great velocities 
in moving bodies, or, to use the common well-known 
expression, to got up the speed,” we require the 
continued fiction of the foive,— so, in (mler to reduce 
the speed of a moving body and to bring it to rest, 
we must have the same amount of force which was 
required to produce the motion or speed. Thus, if a 
cei’tain force be required to be put forth in turning 
a grindstone to bring it iq) to a given speed, the same 
must be exerted in order to bring it to rest. But in 
accordance with what has been already stated as to 
the laws affecting the rest and motion of bodies, 
the sudden stoppage of a moving body, or in other 
words the destruction, so to siiy, of its momentum, 
causes shocks and stmins which may be, and often 
are, productive of gmit mischief and loss. Thus the 
strain on the arm, and the sliock through it given to 
the body, by stopping the motion of the grinding 
stone at once, would be so great in the case of a large 
and heavy stone, that a serious injury to the muscles 
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might result ; but the momentum might be so great 
that the workman might not have strength enough to 
stop the revolutions at once. In such a case “ nature,” 
so to say — although others w ould express it common 
sense ” — would prompt the w orkman so to apply his 
strength as to allow the motion of the grindstone to 
he reduced gi^adually. This he in fact does intuitively, 
this principle being exemplified in a number of instances 
in mechanicfil work. In the mechanism know n as the 
‘‘ friction brake,” or simply the brake,” by which the 
motion of revolution of ji shaft, etc., is stopped, the 
power of the brake is applied gradually : if put on to, 
its full power at once, as it might be by means 
pow^erful enough, tlie motion of the machine would he 
stop|)ed, but another result would probably be obtained, 
not desirable — namel}^ the sudden breakage of the part 
or of several parts. Soft and movable a substance as 
common air is, it may be adapted to act as a. brake by 
gradually compressing it in a ‘closed vessel. Many 
other illustmtions of this law will present themselves 
to the mind of the thoughtful and observant student, 

Exempliflcationi of the Foregoing Principles^ found in Mecha- 
nical Contrivances.— Hand Appliances.' The Hammer. 

This projierty of bodies acquiring momentum when 
in motion, and in proportion to their speed mid mass — 
so that a heavy body will at the same speed have a 
much greater force or power of or througli momentum 
than a small body, just as a light body will have a 
a greater force of momentum if its speed be great — is 
of the greatest practical value in mechanical work. 
It is exemplified in the simplest of jill mechanical 
work — the driving of a nail into wood or other sub- 
stance. By pressing the surface of the ‘‘ hammer ” 
merely on the top of the nail, strength of the arm 
applied through the fingers might, in the case of 
a short nail and very soft w’ood, succeed in getting 
the nail pressed into the substance. If the operation 
succeeded, the process would in any case bo a slow' 
one, while in the majority of cases it would not 
succeed at all. But by raising the liammer a short 
distance above the head of the nail, and bringing it 
quickly dowm iqioii it, the momentum acquired by the 
vehx’ity and the weight of the muscular force of the 
arm and waist will drive the nail quickly in. The 
driving may tiiko a succession of sti’okes, or it may l>e 
driven in by one stroke, according to circumstances. 
And in no work done by man is the wonderful power 
of volition or will possessed by him so beautifully 
illustrated as in this very process of nail drivii g ; 
the degn^e or amount of momentum reipiired In* 
an .infinitely varying order of circumstances Ix^ing 
given to the hammer as it is rc^quired, and all the 
varying shades, so to Niy, to all of them being given 
or obtained so intuitively that the w'orkman is not 
aw'are that he is going through processes of such 
w’onderful nicety of adaptation. And in the applica- 
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tion of such a foi-ce as that of steam to the work of 
liammering, w'e have a striking exemplification in tlie 
steam “ hammer ” of what mechanical skill, aided by 
close observation of facts existing around ns, can do 
in giving the mechanic an apparatus which almost 
rivals the Inmuiu arm in tlie nice adaptation of iis 
power to tlie work to be done,— an adaptation with 
such a vide range that the steam hammer will dri\i‘ 
a tack,” bl eak the shell without destroying the kernel 
of a hazel nut, or weld and forge into shape the mo^t 
ponderous mas^es of glowing steel or iron. 

Mochanical Exemplifications of the Principles of Momentum 

(ctml i n lied ').— The Fly- wheel. 

One of the most familiar exemplifications of the 
value to the mechanic of this property of momentum 
is the “ fiy-wheel.” This contrivance is adopted in cases 
wdieie there is a varying force or a rapid succession of 
forces exerted, so that continuity of motion is obtained. 
Without it, the motion of the machines would be in 
a succession of jerks, or in some cases a complete 
cessation at certain points. Thus, in tlie case of a man 
turning a crank-handle, he exerts a force .so irregular, 
in vii'tue of the peculiaiity of the crank motion, that 
while at one [loint he may be exerting a certain and 
hi.s full force, at another point he will only be giving 
out less than half of this ; and as in some ■work 
the resistance it otters is greater than the power the 
minimum force exerted is able to overcome, the man 
would not be able to do the work at all. But by 
adopting a tly-wluM*!, vhicli is practically a heavy 
‘‘mass” capable of revolving along with the crank- 
shaft or spindle, the power given at the maximum 
point, vliore the man’s force is greatest, impairs an 
increased velocity, and therefore increased momentum 
to the fly-wheel; so that ^^hen in the course of 
turning the liandle or crank the man is putting out his 
least or minimum force, the momentum acquired by 
tlie mass of tlie fi>'-uheel curries it past thi.s weakest 
point and forward to th.at at whicli tlu' greatest force 
is exerted. Tlie most .striking and the most familiar 
exem]>lification of tlie value of iho “ lly-wdieel ” is 
met with in the ordinary or reciprocating form of the 
steam engine. ]ii this the motion of the piston in one 
direction in the cylinder must be gradually stopped, 
and then actually reversed or made to travel in the 
opposite direction. Before this reversal of direction of 
motion can possibly take place, it is obvious that at 
the point where the change is to take }>lace tlie piston 
motion must absolutely cease, and this jioiTit is at both 
ends of tlie cylinder. These two points are known 
as the “dead points” — a phrase expre.ssive of the fact 
that the power or repulsi\'c force of the steam is no 
longer acli\'e or alive in giving motion to the piston 
and to the crank-shaft to which its motion i.s com- 
municated, .so that without the adaptation of the 
“ fly-wheel,” motion of the engine would not only 


cease, but the momentum acquired by the piston in 
its path in the cylinder would have the tendency to 
knock out the cylinder cover at the end. But by 
the increased velocity given to tlie fly-wheel when 
the steam is giving out its full power, it acquires sucli 
a momentum that it carries the crank pa.st its “ dead ” 
points, which correspond to the “dead points” of the 
piston motion. It is by thus acquiring force or 
momentum that a fly-wheel is useful in certain work, 
as in the cutting of substances such as straw' or hay, 
the character of which varies, presenting at one time a 
mass of material easy and at another diflicult to be 
cut . When the diflicult parts come up — wdach may 
therefore be considered as obstructions — themoniont um 
acquired by the fly-wdieel during the periods wdien 
the w’ork is easy carries it past or gets rid of the 
obsti*uctions -* in other w ords, cuts tlielos- easy yielding 
substance, and thus a uniformity of motion and work 
is obtained. In looking at the work or use of the 
lly-wheel the youthful mechanic is apt to mabc a 
great mistake in relation to it, and to decide that it 
must he a contrivance to create powder. Tlie tiuth is, 
that many w'orking machinists who cannot claim U> 
be youthful, at least in regard to age, do hold this 
belief and aj^ply the notion tint machine, s do or can 
create or make power ; we shall see, however, as we 
proceed in furtlier examining the peculiarities and 
properties of bodies in motion, that this is actually 
erronoou.s, and that it gives ]•i^e, when Jield, to the 
gi’avest of mechanical errors. And we shall sei' still 
more elo.sely, w'hat has already been alluded generally 
to, that machines are adaptations of mechanical or 
concrete bodie.s by which extraneous forces within the 
reach of man arc made ca[>al)le of doing certain work, 
and that this machine is .simply the vehicle, so to .say, 
by wdiicli we apply tlie given force, which can in no 
case he added to by any meclianical .arrangement — 
that is, no force can be created by a machine or by 
any mechanical arrangement. Batlier, as we shall 
see, on the contrary much of the force is lost by the 
use of th(* machine. In the c.a.so of tlu* fly-wheel it 
creates no pow'or; it can and does give out that only 
which it receives, and it requires tlie same primary 
force to give it the force of momentum which it 
receives and which it gives out or im]):irts to the 
machine. In other and familiar word^, it gives back 
to the machine, at a period in its W'orking when it 
nci'ds some extra force to overcome a new obstruction 
or some greater W'ork to be done, the force which it 
received at a period in its w^orking when it had some 
force, so to sjiy, to spare. 

Farther Exemplifications of the Principle of Momentum- 
Springes to Carts and Carriages. 

There are various other exj^edients and contriv- 
ances met with in practical mechanics in which the 
||bporty of momentum plays an important part* 



THE TECHNICAL STUDENTS INTRODUCTION TO MECHANICS. 


7 


Thus ** springs ” may be said to be fly-wheels dealing 
with momentum, but only in the opposite or converse 
way. They receive — as for example by the shock given 
to a cart when the wheel passes over on obstruction 
which it does not crush, but falls, so to say, on the 
other side with a jerk or shock — a cei*taih amount of 
momentum, which, if communicated at once or directly 
to the body of the cart, would tend to, if it did not 
actually, injure its parts, or (what would perhaps be of 
greater j)ecuniary moment) its valuable contents. But 
this momentum the spring receives and stores up, so 
to say, as the fly-wheel stores up its communicated or 
acquired momentum, and gives it out gradually to the 
body of the cart. So in the spring safety valve of 
the steam-engine boiler, the violent oscillations which 
would result if it received directly the varpng yet 
powerful impulses of the steam are controlled, and 
equalised, so to say, by the spring taking up the force 
or momentum and giving it out gradually. This 
equalising eflcct, obtained by what may be, and is 
popularly, called the yielding ’’ or “give-and-take*^ 
action of the spring, is perceived in other machinas 
and expedients. Thus, if a rope attached to a vessel 
with considerable “ way or “ weigh ” or motion in it, 
and possessed, therefore, of a great momentum from 
its huge mass, l3e wound once round a strongly fixed 
post on the quay^ by allowing the rope to slip and pay 
out as it tightens, the momentum of the vessel will 
be gradually overcome, and it will be “ brought up ** 
or to a stand-still, when the same rope would bo 
snapped like a rush or thread if the strain were 
allowed to be put on it all at once. Its own elas- 
ticity, together with its occasional slips, allows the 
strain to be put on gradually. In the same way an 
elastic cord or hempen rope will resist without break- 
ing a weight suddenly dropped — as for example heavy 
bodies dropped into a scale — which W’ould overcome 
and break a metal rod or wire much stronger in 
itself than the elastic cord or hempen rope, and for 
this reason : the elasticity of the rope, the capability 
of its fibres to stretch, would give out its resistance 
through a greater space, and therefore during a 
greater length of time, so that the momentum is 
overcome gradually, or is, so to say, absorbed by 
the fibres of the cord. All the effects of the various 
mechanical expedients classed by the engineer under 
the general name of “ cushioning ** come under the 
8‘ime law, and exemplify methods of meeting the 
same property of moving bodies, or of momentum ; and 
engineers of large and wide experience have some* 
curious and most suggestive incidents in their working 
life to relate, in which, by a careful adaptation of the 
principle, serious accidents have been prevented. The 
phenomena of accelerated motion, to which reference 
has already been made, come in to modify the effects 
of momentum. A small body moving quickly will 


have more momentum than a larger body moving 
slowly ; and how momentum of a moving body may 
be greatly increased by increasing its velocity is oxern- 
plified in the cose of a small ball, as say a rifle ball. 
This, if thrown by a man with all the foixjo of hi'> 
arm, while it would not penetrate and pass through n 
thick pane of plate glass, when it is projected from 
the rifle itself at an exceedingly high vclcKaty, due 
to the explosive or repulsive force of the gunpow^ler, 
would pass through with case a plank of timber of 
considerable tliickness. This property of inci'Case of 
the force of momentum in a moving body of a given 
might in proportion as its velocity is increased i" 
usefully applied in many cases of mechanical work. 
The “ piling" engine, by which wooden or other piles are 
driven into soil in order to obtain firm foundations for 
superstructures raised upon it, or for inclosing sp ices, 
etc., depends upon the property of the momentum 
of a weight falling through a vertical space, it acting 
in the same way as a hammer di iving a nail. The 
necessary power may be obtained either by having 
an exceedingly heavy weight falling through a com- 
paratively short distance, or a smaller weight falling 
through a much longer distance. The student will 
perceive that in practice it will be much more con- 
venient, and the desired range of effective blows or 
impac'ts upon the pile will be obtained with greater 
mechanical case, by having a comparatively light 
“ monkey " or drmng VN cight to deal with, than 
by having a v’ery massive and therefon^ less easily 
handled w eight. Now the law^ or property we have 
already named at the beginning of this paragraph 
comes in to aid the working of the piling engine 
or pile driver. We have seen, in the paragraphs 
treating on gravitation, that the motion of a falling 
body is an accelerated one, and that the accele- 
rated force of a mass is as the space oi’ distance 
through which it falls or passes multiplied by 
the weight or mass ; and the effect of a force is 
equal to the mass or w^eight multiplied by the 
accelerating force. The momentum or moving force 
of two bodies is as the weights multiplied by tJio 
speed or the velocities amved a in equal times. To 
put it another way, the momentums-- if we can use 
the plural of such a term — of any two biddies passing 
or falling through equal distances are as the square.^ 
of their velocity due to this equal extent of drop oi' 
fall multiplied by their masses. Suppose, therefore, 
that wo have a given weight of a cast iron or steel ball 
to do a variety of w’ork, stiy in smashing up metal or 
other substances, which is used by allowing it to drop 
from a height in the way known in fill iron foundries, 
we can with the same uniform weight get a wide 
range of breaking force or momentum simply by 
altering the height from which the ball falls ; and wo 
can easily calculate the amount of the breaking force 
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or the pressure which it w'ill exert upon the mass or 
substance on which it falls at tlio moment of coming 
in contact. By the law we have already explained, we 
can find the velocity which is due to the ball falling 
a certain height; and, presuming this to be G4 lb., 
and the weight of the ball half a hundredweight, we 
have 64 X 56 = 3584 lb. as the momentum or moving 
force. And, based upon the truths stated above, we 
can in like manner calculate the different effects of 
different heiglits with the same ball. If, for example, 
we have a given weight, and we wish it to have a 
double momentum or stiiking effect, we must give it 
a double speed. Thus, suppose we have a weight of 
2 cwt., and with it to give the momentum or striking 
effect of 4 cwt., and that this effect is obtained by 
ihe velocity due to the ball falling through a lieight 
of 5 ft. : to give a double velocity to the 2 cwt. 
we multiply this into itself, and this again by the 
height of the heaving body to obtain the height from 
which to drop the ball, — thus 2x2x5=20 feet, 
which will give to the ball of 224 lb. the momentum 
or breaking effect of one of 448 lb. 

Importance of the Points involved in the Principle of 
Momentum to the Mechanic.— Practical Examples. 

From what we liave said in preceding paragraphs 
under the head of “ Momentum,” the youthful student 
of the principles of mechanics should bo able to perceive 
sometliing of the wide range of its practical applications 
to mechanical work, and how the value of this w’ill be 
dependent upon the way the laws which govern this 
property of bodies are applied to its general design and 
its various details. And so far as this pioperty relates, 
so to say, to what may be called striking forces, the 
student should be able now to see that in relation to 
given masses, bodies or weight (to use the common 
term, whicli gives in leality the most tangible and 
practical idea of them), the time during which and 
the space or distance through whicli these weights 
are under the influence of any force — be it that of 
gravity or of human muscles, etc. — are important 
elements in obtaining an increase of effect or of 
power in doing the work for wdiich the weight is 
used and the force applied to it. A man with a given 
weight of hammer with a short swing incapable, so 
to sfiy, of doing a certain W’oik, such as driving a nail 
into a <U‘nser piece of timber, or as bicaking up a piece 
of metal, gives to his arm a wider swing, and finds then 
that his light hammer does the work of a heavier one. 
He does this intuitively, and may have no conception 
upon w hat the increased power depends. The hammer 
has, in coming in contact with the nail-head to bo 
di iven, or the metal to be smashed up, the concentrated 
eftcct both of gravity and the muscular foi'ce of the 
arm ; and by giving a wider swing to this, not only 
is gi'eater time taken, but gieater space or distance 
passed through, given, by wdiich those forces are 


allowed to act, and so have increased effect. That the 
useful effect of a force is to bo estimated as much by 
the influence of time and space during and through 
w^hich the power or force acts as by the primary 
intensity of the force, is proved by many circumstances 
in connection with mechanical work. It would 
convey a few le.ssons ( n this important point if the 
young student were to experiment with a hammer 
used under a vaiiety of circumstances. Thus, this 
increase of force through increase of time and space 
is the principle or property of bodies upon which 
depend mnny of the operations of the machine-shop. 
Thus we can operate upon and produce an eflcct upon 
very hard metals by substances in themselves very 
much softer — as by polishing a steel surface even by 
a piece of wood, either the steel or the wood surface 
having a high velocity given to it while the object is 
at rest. And the same eflfect may be and is obtained 
by the use of a very i-oft polishing powder ; and the 
effect in both cases, ju.st as in the ci^se (<f a revolving 
disc of soft wrought iron having an enormous velocity 
cutting through a bar of steel as easily as cherries or 
an apple with a knife, is due to the high velocity or 
speed of the particles. No doubt, in some of such 
crises another property of bodies in motion yet to l>e 
explained — friction- comes into play, but the eflects 
named are obtained chiefly in the way stated. Many 
other examples might be added, in illustration of the 
influence of time and sjxice in or upon forces. One 
is met with in the foundation of the heavy steam 
hammer. If the full foice of such a heavy blow 
were transmitted through the medium of the anvil 
directly to the soil upon which the 1 ammer is placed^ 
no .site, however naturally strong and able to resist 
blow s, could stand iiTCspective altogether of the eflects, 
some of which will be noticed hereafter in the proper 
place. But an anvil rests uj-on a foundation com- 
po.-'ed of a combination more or less complicated oi 
timber, and tho.se upon a bed more or less thick of 
concrete. The elfect of this aiTangement is preci.sely 
the .sjime as shown in that of tlui trick w hich, if not 
now, was used in former days to create the astonish- 
ment of a gaping audience at country fails, in wliich 
a heavy anvil laid upon tlie chest of a p.osti ate man 
received blows from a sledge-hammer wielded vigorously 
by his companion. What seemed irf the minds of fhe 
uneducated spectators to add only to the danger in 
which the man lay — namely, the heavy anvil resting 
on his chest — constituted in fact his very safety; and 
in like manner the mechanical integrity or working 
life ” of the steam hammer is secured by the means 
we have described. In both cases the mass of the 
anvil receives the full force of the blow, and the force 
of this is 80 diffused, so to say, through, or absorbed 
the mass, that the velocity at its lower part is 
need to a comparative trifle. 
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THE BmDING AND THE MACHINE 
DEADGHTSMAN. 

(CHAPTER XIII. 

At the conclusion of our last chapter we pointed out tho 
way in which the planes of projection wore connected, 
but so that they could bo all shown on one flat surface. 
In like manner the separate projections in figs. 19, 
22 and 23 are shown in fig. 25 spread out on one 
surface or plane, which lies on the surface of the sheet 
of paper on which tho diagram is drawn ; the three 
planes of projection on which the different views or 
parts of the solid block or box are draw’n or projected 
being all placed in due relation to one another, when 
it is desired to show’ the three views together on 
one piece of paper or ])lane surface. Those three 
view\s shown separately in figs. 19, 22 and 23 are, as 



w’e liave seen, first the “plan of top ” of block, or of 
bottom as the case may be, both being ecpial in dimeii- 
sions, tliis being given in fig. 19 ; second, the “eleva- 
tion of side,” in fig. 22 ; and third, the “ elevation of 
end,” in fig. 23. In tig. 25 the relation of the three 
planes of projection of those three views of the same 
object is sliowui : thus, the surface It g e h is the plane 
of projection of plan of top,” corresponding to ef g h 
in fig. 19 ; the plane surface f g h in fig. 25, the 
“ side elevation ” ^ 

projec- 

ven in 

.so, IS oDtainea wuth the three planes as placed in 
the relation shown, will be seen by the inspection of 
fig. 26, which represents the three planes in figs. 19, 
22, and 23, drawn in the same style of graphic illus- 


tration, which we may here note is a species of 
perspective, or conventional mode of representing an 
object pictorial ly which we liave devised for the pur- 
poses of our illustration. This species of conventional 
perspective has some relation to the variety of perspec- 
tive known as “ isometrical,” which, possessing many 
features of practical value to the dmightsman, uill 
be duly explained further on. In fig. 26 the plane 
of projection ahed corresponds to the plane of pro- 
jection efg h in fig. 19, on which the “ plan of top ” 
of solid block or box is projected. The plane of 
projection e/hc^ fig. 20, corresponds to the plane 
e/gh^ in fig. 22, and in which the “side elevation” 
of block is projected. The plane of projection a h f g, 
fig. 26, corresponds to the plane ^^fgh, fig. 23, in 
which the elevation of end of block is projected. In 
this diagram, fig. 26, the two planas he ef and a hf g 
stand vertically or at right angles to the plane ahed, 
whieli is horizontal. And, as we have siiid, it is upon 



Fig. 26 . 

all vortical pianos that “ elevation,” and in all hori- 
zontal planes that all “ plans ” are projec*ted, or 
suppo.sed to be projected. Now', if Avhilo standing 
vertically, as in the diagi’am, the planes hcef ahfg, 
fig. 26, w’ere pressed outwards and dowmw’ards, turn- 
ing respectively on the lines he, as hinges, and 
the pressure continued till they lay flat or pressed 
upon the surface of dmwing hoard, they would 
obviously be flat, like the plane a hed; and the thieo 

as in fig. 25, which is the “ spread-out ” -.u. 

To thoroughly understand this prineii>le here illus- 
tnited, wliich carries witJi it much that is of essential 
importance in the practice of drawing, w’o w^ould 
counsel the youthful draughtsman to pioject ditreront 
views of an object, as in fig. 26, and then press down 
or “ spread out ” the planes as in fig. 25. 
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Some Praetical Points connected with Projection on pie is explained in fig. 2G. Thus continue or extend 

Plane Surfaces. the lines h i, j Ic, till they cut or touch the “ base line ” 

We use the term supposed ” in the above para- or ground line ” h c of the vertical plane of projec- 

grnph with a practical purpose in view, which will tion h c ef in the points I and m. From I and m draw 

be further made clear presently ; suffice it now to vcrtictil lines — parallel to c c or 6 /— extending in- 

say that there would he obvious inconveniences in definitely as in the direction m w, I o. The distance 

showing or displaying the various views of a given between I and m or between n and o will obviously 

object in planes of projection placed in relation be equal to the distance hj or i h — which corresponds 

to each other as in fig. 26. For the draughtsman to the “ length of the block or box. At any convenient 

has only a plane or flat siu’face — that of his sheet point, ns p, on the vertical line m draw parallel to 

of paper — to draw upon; and although it is quite c the line jn 9 ^. Next take the distance or dimension 
true that he could ‘‘project” his different views of of the “height” of the block, as a ora- from fig. 

an object in throe planes, as in fig. 26, and that 23, and set it off from the point />, fig. 26, to the point 

.they would still be on a flat surface — a sheet of paper, r on the line m n. Then from ]X)int r draw parallel 

just as diagram fig. 26 is on the flat surface of the to j) q ov h c the line r s, cutting lino Z 0 in point s. 

page — nevertheless it will be seen that the plane of We have thus the outline of the “ elevation of the 

projection, of which the principle is sliown in fig. 25, side ” of block corresponding to the pi ojection a- U 
possesses practical advantages over that shown in in fig. 22. Heroin obtaining this jirojection ^ s r 

fig. 26. But this diagmm in fig. 26, and those in fig. 26, we have obtained in the most direct way 

preceding in figs. 16 to 24 inclusive, and their some of the points giving dimensions of the side eleva- 
respective desc*riptions, are essential to the due tion from the plan h i j k. And this ysriW be more 

understanding of the principle on whicli the practice quickly done in practice than it takes here to describe 

of plane projection, known as architcctuml and it. But the principle hero involved i^eceives another 

engineering, or more popularly mcchaniciil drawing, ill ustmtion, and a more complete one ; for having thus 

is founded or based, and of which the numerous obtained the two views of the block — the “ plan” on the 

examples given under dillcrent sections in succeeding plane of projection horij^ontal, a h c d, and the “ side 

chapters in the present series of papers will give elevation ” on plane of projection vertical, 6 c e / — we 

ample illustration. can from these find data or points by which without 

But the purpose for wdiich fig. 26 has been furthei\mcasurements we may obtain the projection of 

designed is not yet exhausted. It serves to explain the “end elevation,” corresponding to the project ion of 

another principle of inoictical projection or drawdng it in fig. 23, at a' h' c' d'. How this is done will be ox- 

— namely, how^ after the projection of one view is plained by inspecting fig. 26. Continue the sides Zi, 

completed, the lines w hich give data or points k Z, of “ phin ” till they cut the base line a h of the 

useful in tlie jirojection or drawing of another view vertical plane of projection a h f [f in the points i and 

of the same object can be obtained directly. This ti ; and from these points draw" vertical lines parallel 

principle, by which in the practice of projection much to a (j or h f. Next continue or extend the sides 

time is saved in finding — that is, measuring and setting r 5 of “side elevation” till they cut the line h f in 

off — the distances which give dimensions of the differ- the points x and y ; and from tliesc points draw, 

ent view s of a given object, is so impoi tant that it parallel to a h or f g, lines cutting or intersecting the 

will be fully illnstralcd in a succeeding cliaptcr, w’hen lines t v, u to, in the points v, w, a\ z. The rectangle 

W’e come to the consideration of w"orking drawings, v 7 /; a' z is the projection of the “ end deviation ” of 

But it may be indicated here in connection with the block corresponding to a' V c' d! in fig. 23. This 
fig. 26, and at the same time the general principles of principle of finding from one projection or view of au 
l>rojection already so far illustrated and explained object data or points giving dimensions of another pro- 
will be made moi e clear and explicit. jection of the same object, is also illustrated in the 

Lotus suppose, then, that the “plan of the top” “ spread-out ” of fig. 26 which is given in fig. 25. The 

of the solid block, already so frequently referred to, dotted lines in this last-named figure will show how 

and the projection of which is given in fig. 19, is the points ai-e obtained. Tlie principle here illustrated 
in the first place projected ; and so as to occupy the will be furtlier made clear in a succeeding chapter in 
central space of • the horizontal plane of projection its application to the preparation of working dmwings. 
ahcdylig. 26. Tlie projection thus obtained wdll be at In proceeding to explain the application of those 
hijk. We have said above that one view being drawn, general principles to the special departments of 

it will give data or points by which the drawing of the work of the architectural and engineering 

another view’^ will be facilitated, and this by saving the draughtsman, let us briefly recapitulate, by w-ay of 

time necessary to find points or to lay down or set off introduction to tbLs, the leading features of pi'ojection. 

dimensions required for this other view. Tliis princi- 0Ln figs. 25 and 26 we illustrated and explained the 
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meaning of the terms “ plan ” and elevation,’^ and 
liow these were related to each other in the ‘‘ planes 
of projection.” The i*ays, if we may use the term, 
coming from or cast by tlie points of the objects being 
supposed to proceed from or to bo looked at from a 
l^oint of infinite distance, and thus being “ projected,” 
so to say, from the point's object to the eye of the 
spectator, those rays are projected in parallel lines 
at right angles to the two planes of projection — the 
vertical and horizontal. We shall now proceed to 
show how, by the use of these j)arallel lines, the various 
views of objects required in architectural and engineer- 
ing di awing may be obtained ; the plane of projection 
being supposed to exist upon the sheet of paper upon 
which the draughtsman has to prejmre his drawings. 
By this supposition the operal ions are much simplified, 
although it is always neccssfiry to bear in mind the 
principles illustrated in the various diagrams we have 
given — in figs. IG to JJG inclusive. 

In those diagi'ams we Imve reached the point at 
which we could explain the terms “ plan ” and ele- 
vation,” and how they vstood — so to say -in relation to 
each other; this relation allbrdingcevtiiin data or points 
useful in facilitating the projection of ditlerent views 
or proj(‘('tions of the same object. But both plan and 
elevation an* concerned only with the exterior or 
external surface of solid bodies. We used the term 
solid ” in its direct or special acceptation oidy — that 
is, ns a body having three dimensions, length, bremlth 
or width, and thickness or d(‘pth — thus distinguishing 
it from a surface or sup(*rflcics, wliich has only two 
dinu*nsions, as length and breadth or width. But 
although we use the term solid body or object of any 
particular shape or form, this is only to be taken 
relatively or with a reservation and in the sense above 
stated, as] conTK'cted with its exterior as possessing 
length, breadth, and depth. For although in this 
sense a body is solid, or termed such, it may not be 
absolutely solid, in the sense; that a block of wood or 
of other material is solid, its interior being made up 
of a conglomeration of the same particles as the outer 
surfaces are composed of. But a solid body, in the 
reserved sense we have illustrated, may, while possess- 
ing externally all the characteristics of a solid, be 
hollow or partially hollow in the interior. Thus a 
hollow shell,” considered only in relation to its 
exterior surface, is considered to be and is termed a 
solid sphere or globe ; yet internally it has a “ void ” 
space — this being determined in point of cubical space 
or contents by the thickness of the metal IxJtween 
the exterior surface and the interior void or hollow 
space. We can conceive of the block of wood, of which 
‘"projections” are given in figs. 19, 22, 23, 25 and 2G, 
to be in like manner hollow or partially hollow*— that is, 
with void and solid spaces alternated according to a 
certain design and to serve a certain purpose or purposes. 


But it is obvious that, so far as the exterior surface of 
the block gives any indication, we have no means of 
knowing what its interior condition is. But in prac- 
tical construction it is necessary to give drawings 
from which to work, wliich explain the peculiarities 
of a body that has its interior fashioned or hollowed 
out in a certain way. In many cases in engineeiing 
drawing the uhoh* value or peculiarity of an object 
lies in its interior arrangements, the outer surface 
being in point of fact only a covering for the internal 
work or arrangements. Some method, therefore, of 
showing in projections or drawings what the character 
or nature of the interior of a solid body is, is clearly 
required. 

This necessity of practical projection is met by what 
is called a section,” or by “ sections.” Tlic term is 



Fig. 27. 


deriv'ed from tlie Latin verb sneo^ I cut ; and it gives 
at once the true meaning of the term ""section.” 
This is simply a cutting through of a solid body — solid 
in the conventional or reserved sense, as already ex- 
jdained — in such a w^ay or in such a direction as will 
suffice to show by the character of the two portions 
thus obtained, termed iechnicully "" sections,” what 
the construction and arrangement internally is. Thus, 
in fig. 27 we give at ahed ef g a diagram in which 
the three projections in figs. 19, 22, and 23 are com- 
bined in one ; thus, ah c d is the projection of 
(rlrcrd'^ in fig. 19 ; hn f e the projection of a- d‘ 
in fig. 22 ; and a h eg the projection of a' l> d d! in fig. 
23. Tlie whole of these cbmbined, as in the diagram^ 
give the projection of the block or box previously re- 
feiTed to, in a species of perspective view. 

If the object they represented in ah cd ef g^ fig. 27, 
were a solid block, it is obvious that if sawn or cut up 
by lines parallel to either the top, as 9 A, the side, as 
6 the end, as k or even by a line or lines oblique 
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to these, as in tlie direction of h d, all the cuttings 
or sections would still show on their faces the appear- 
ance of solid surfaces. The external projections being 
given would be all that was required, as these would 
give at once the form and dimensions. But if diagram 
in fig. 27 Vita he defg were not the projection of a solid 
block, but of one 's\ hich, while it had externally the 
characteristics of this solidity, possessed also inteimal 
peculiarities, hollows, or vacuities, it is obvious that 
the projections of the external parts, as of top, 
side and end, would give no clue to what were the 
peculiarities of the interior. And just as the curi- 
osity of a boy prompts him to break up his toy to see 
“ what is inside of it,” so before we could know what 
were the internal peculiarities of the block or object 
in fig. 27, we should require to break or cut it up, or 
to open it up. 

But as the designer of the objec.t knows, of course, 
from the beginning wluit are tlie jieculiarities of the 
interior, he so armnges his set of working diuwings ” 
of it, that certain projections ” or drawings will show 
those peculiarities. So that if we possessed tliose we 
should kn(^w how the inside of the block was arranged 
and constructed, just as well as— in some senses better 
than — if we had broken or opened it up. Those 
projections extra to those showing the external cha- 
racteiistics ai’C, as we have seen, termed sections. 

Still keeping to the illustration in fig. 27, at a h c 
d ef g hy let us, by examining it, endeav^'cnr to convey 
to the .student of pnqoclion or drawing as applied to 
the work of the archile/t or the engineer, a knowledge 
of the principle upon uliich “ projections of sections” 
are made, and what the difierent kinds or classes of 
sections are. Let us suppose the object— a block, or 
solid body, shown at a be d efg — to be SJiwn or 
divided into t^vo parts in tlie direclion of its length 
and at the dotted lino 6 j. The division or .sawing in 
two being conqilcted, let us remove and put aside 
the half rej)r<'sented by the part h c f e, leaving the 
other half, as a k d, to remain in position. Looking 
at it as it thus stands, we see at once w^hat its pecu- 
liarities are, these being shown in cerbiin lines on its 
face. If a projection of this face were made, we might 
suppose that the lines Avould be as in the diagram 
7n n o py in fig. 27. On examining this we see at 
once that the inside of the block is provided with a 
vacant or hollow space of a rectangular form and of 
a certain dtpth. If this vacuity extended right 
across the width of the Ixidy, it is obvious that in 
this case the projections of both of the sides of 
which one is seen fit h c f e w ould have show^n in 
the centre a rectangular vac.ant space precisely as 
shown in the diagmm wi n o p. But the .space does 
not go through and through the block, but is termi- 
neted at a point a certain distance within the sides, 


and the depth of the vacuity is shown in diagram 
m n 0 p. The projecition hei’e shown is, in the 
technical language of the diuughtsman, said to be, 
and is talked of as, a “ section on the line 6 j * — and 
as the cutting or sectional line is in the direction of 
the length ” of the block or object, it is further said 
to be a ‘‘ longitudinal section on the line 6 J.” The 
pitijection being taken on a vertical plane (see figs. 
16, 17, 22, 23), and as .all projections on vertical” 
planes are elevations, the section here shown may also 
be called a sectional deviation or a section in elevation. 
But as a mere inspection of the drawing of an object 
shows whether the projection is on a vertical or 
horizontal plane, this term elevation is suiq^osed or 
included in the title generally employed and given 
above as a longitudinal section on the line But 
another term is sometimes introduced in giving the 
title to a section of this class. It wdll be perceived 
that the cutting line 6 j , while it extends along the 
whole length of the block, extends also the whole 
depth, as from point 6 to 7. This line being in a 
‘‘vertical ” direction, the term isby some draught.smon 
included in the title of the section, with whom, there- 
fore, it would read ns a “ vertical longitudinal section 
on the line ij or partly transposed thus — a “ longi- 
tudinal vertical section on the line 

Longitudinal sections may be required, however, in 
other directions. Thus, suppose, as before, that the 
block ah c d ef g^ fig. 27, is cut into two parts — but in 
place of the cutting line being in the direction of j 6 7, 
it is taken in the direction of h g, and i\eross the width 
or breadth of the bh>ck from 8 to 9. Tf the upper 
half, as a h cd, be removed, leaving the low^er, as ef, 
in position, or in sifn, as the technical phrase is, w’e 
may snppo.se that the exposed face of this lower half 
w’ould be as shown in the diagram q r s t, with a 
hollow or vacuity, as at ii, this being placed nearer 
to one side of the bloc*k than to the other, giving 
unequal thickrie.ss at the side, as .shown in the projec- 
tion or drawing. This projection is a section, and it 
is again described or titled by the difiughtsman a.s 
a “section on the line g /o” But as all projections 
taken on “horizontal planes” (see figs. 19 and 20) 
arc plans, such a .section is often termed a “ .sectional 
plan on the line g //,” or a.s the line 8 9 is horizontal, it 
may further be, and in practice often is, entitled a 
“ horizontal section on the line g A.” Tlio interior of 
an object may be so varied in its arrangement that 
several .sections, both vertical and horizontal, may be 
required. We can, for example, suppose the block 
a h c d e f g, m fig. 27, to l^e made up of a. series 
of parts horizontally sujierimposed upon each other, 
making up the height or depth as c / ; and each of 
these horizontal pai*ts having its own peculiarity of 
internal arrangement 
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THE GBAZIEB AND CATTLE BEEEDEE AND 
EEEDEB. 

Thb Technical Points connected with the Vaeieties or 
Breeds op Cattle— Their Breeding, PtEARiNo, Feed- 
ing, AND General Management for the Production 
OF Butchers’ Meat and op Dairy Produce. 

CIIAPTEll XITL 

Some Points connected with Fat Cattle fed Fzclusively for 
the Butcher (continued^. 

At the conclusion of our last chapter we stated that 
everything about the shorthorn showed that he was 
essentially a butcher's beast. His build or frame, large 
and massive, yet carried by bones light in proportion 
to his weight, gives that breadth and fulness so 
favoumble to the carrying the maximum weight of 
flesh, and those at parts the most favourable for the 
deposit of that which constitutes what are called the 
“ best cuts ” of the juiciest and most nutritious flesh. 
The deep and square quarter, of great length also, gives, 
with the full and fleshy limb, the tine heavy “ round,'* 
the valued “rump,” and the useful “ hough,” out of 
which the butcher makes liis profits. So also in the 
level, square and broad hips wo find the locality of 
and the best form for a fine and heavy loin. And so 
allround we find excellences jit. almost every point; 
the full arched and rounded barrel gives the fine ribs, 
which are alike valued by the customers of the 
butcher, and are one of tlio best indications of the 
best fattening beast . I'lie animal wdiich is the poorest 
for the purposes ol the butcher possesses character- 
istics quite the o])[)osite of the above, and more or 
less defined in proportion to its condition. In this 
we fiml the short and shallow quarter, with its light, 
more or less fleshless limb ; the flat rib giving the 
rectangular barrel- ' if that term can be applied to a 
part which does not possess the fine, full, arched ribs 
of the shorthorn. In the poor butcher’s beast W'e 
liavo also the narrow chest, and, in brief, the points 
wiiich give the results the very opposite of the 
dosi(U‘nita required by the butcher, and aimed at 
by the breeder — namely, a small proportion of live 
weight to the beef oi* carcase weight ; and deficiency 
at the very points where the best- quality of beef can 
be laid on. But, however good the breed may be, 
there are certain points which materially modify the 
practical results of breeding and feeding so far as the 
butcher is concerned. To some of these we now draw' 
brief attention. 

First, that involvi‘d in tlu‘ phrase “a fat ox,”* ‘bullock” 
or “ steel*,” the expression “ a fat cow',” as a butcher’s 
beast, being never, or but rarel} , used. This clearly 
indicates that sex is one of the points which concern 
the gnizier in producing meat for the butcher. A 
brief consideration of the points offered by the bull 
and the cow of the same breed will show clearly that 
the male animal is the one be.st fitted for laying on 


flesh suited for the butcher. Of the two, breadth, 
massiveness and weight, and general fulness, charac- 
terise the male animal ».s compared with the female. 
The internal ciqiacity of the bull is less than that of 
the cow, the space being greatest in the cow which 
has had calves ; so that in the bull there is a higher 
proportion of meat or flesh, or “cai-case weight,” to 
the dead or live wreight, than in the cow. In the bull 
W'e have a thick massive neck, in the cow a thin one. 
And, taken as a w'hole, the bull gives a den.ser, more 
solid flesh or meat, or, as it is popularly termed, beef, 
and this through the general absence of fat interposed 
beiw'een the layers of the meat ; the meat of the cow, 
on the other hand, is not so dense, as it is often inter- 
mixed with fat. A barren cow or heiler (pronounced 
hefl’err) and a bullock or steer, which is an emascu 
laied bull, occupy in their physical or bodily charac- 
teristics a medium point between those of the bull and 
the fertile cow', they how'ever changing their dis- 
poMtion, so to sijy — that is, the cow has a tfndejicy to 
become masculine in characteristics, the bullock, or 
steer — as it is otherwise and often called- on the 
contrary, havii\g a tendency to become feminine in 
external characteristics. Both, how'ever, maintain the 
relative position as regards sex which distingui.shes 
the bull from the fertile cow', as above stated — that is, 
the male animal, the bullock or steer, pos.se.ssing a 
larger proportion of flesh or beef to the carcase or 
live weight than the barren heifer. 

Wliatever the sex and tin* class of cattle, the 
proportion bi^ween its weight of llosli, or butcher 
moat, — or carcase weight, to the live w'eight of the 
animal as it stiuids, is more or less, but ahvays, 
influenced by the physical .state or bodily condition 
in w'hich the animal i.<. The terms “good” and 
“bad condition” as applied to cattle designed for 
the butcher are familiar to every one ; and what 
they generally imply is no less so, although it is 
only the export w'ho can tell tlu* particular points 
by W'hich condition is deci<led. But although the 
nicest points are known only to the e.xperienced, it is 
within the comprehension of every one who chooses 
to observe at all how chango.s in tho mere ph}.>ical 
conformation of an animal are brought about by the 
process of fattening or fei'ding on the one hand, or 
of low living, atipioacliing more or les.s nearly to tho 
starvation point, or that in which but little more 
than existence is secured, on tlu^ othei*. In the pro- 
cess of feeding and “ fattening up a beast which 
ha.> been thus “ let dowui ” through bad or defective 
feeding and treatment, the changes may not be trace- 
able from one point to another ot short periods of 
time, or at particular points of the animal ; but after 
a certain period of good foi'ding and treatment the 
general change cannot fail to 1)0 noticed — all the more 
okservable if the animal has not been seen at all trom 
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the period when the good treatment was commenced. 
Hollows will have been filled np, protuberances will 
have disappeared, a sleekness and fineness of the coat 
of the animal, a mellowness of touch, will be present, 
and a general roundness and fulness of the whole 
fmme will have taken the place of the hollow sides 
and fianks, the protruding bones, the rough staling 
coat, and the harsh touch of the hide. The very gait 
and look of the iinimal will be seen to be quite 
difierent to the listlo-s and w’hat may be culled 
hopeless movements, and the dull watery eye of the 
animal when in its half or nearly wholly starved 
condition. On the supposition that the animal 
is full grown, the change which has taken place 
in its general appearance cannot have lain in any 
inci-ease in size of the frame or bones — those of 
necesr.ity I'emaining the same as befoi’c : the change 
must have taken place in other directions. And those 
are external and internal. Of those, the first is that 
wdiich is al^ne obvious to the spectator; the second 
only so after the animal is killed and cut up. The 
i xternal change consists in layers of flesh, or, as we 
popularly term it, meat, formed on the bones or the 
fiaiiie between it and inside of the hide or skin. The 
value of this w^ill vary according to circumstanoes, 
some of whicli have been already, others will yet 
1)0 d(‘scrii)ed ; but it is quite evident tliat, as com- 
pared wiih the animal in its previous ill-fed con- 
<lition, tlie weight of its meat or flesh must have 
increased: the thicker fhe layer of flesh laid on 
the frame, fho heavier the weight; and of this flesh 
some pai‘ts will be more valuable than other parts, 
according as they are at the parts of the body which 
give wdiat are called the finest cuts of butcher’s 
meat.'' Hence, as we have seen, the importance of 
the choosing of a breed which gives the greatest 
increase of flesh at those parts giving the finest cuts, 
at the lowest expenditure of feeding changes. 

Turning now to the internal changes in the animal, 
consequent on the good feeding and treatment named 
in the> preceding paragraph, we find that these consist 
chiefly in an accumulation of fat around the kidneys, 
and within or lining the inner side of the ribs — this 
last being very considerable in very obese or fat cattle 
- -and tliis adds to the cuirc^ase or ineat weight of the 
animal. A secondary increase arises from the ac- 
cumulation of fat around the stomach and the entrails, 
w hich fat is technically termed the “ caul." We name 
this as a secondary addition to the substance of the 
animal ; for while it of necessity adds to the live 
w'eight of the anim.al, it does not add to the caraiso or 
meat weight, inasmuch as it forms part of what 
graziers and butchers call the offal.” Technically a 
fat beast for the bu teller is considered as being made 
up, first, of the flesh or meat or carcase weight, 
which includes only the selling meat — lean and fat ; 


and second, of the offal, which includes the hide or 
skin, the tallow or the loose fat, the caul — surrounding 
the stomach and entrails— and the blood. The pro- 
portion which the carcase or selling meat w^eight bears 
to the dead weight of the animal varies according 
to circumsUinces, but chiefly to its condition ; various 
experiments have been made to define, if possible, by 
some constant” the value of this proportion, and 
flO per cent, has been state as the result of these. 
But, as just stud, the circumstances are so varied 
that it is impossible to give a constant proportion for 
w^eight of meat or carcase to dead weight ; roughly it 
may be taken as betw een 50 and 70 pei* cent. Witli the 
increase of internal fat now described as taking place in 
an animal wtU fed and cared for, comes a decrease of the 
size of the digestive organs. This must, bo so, for, as the 
frame of the animal admits of no cdiangc, and as this 
defines the internal space or cavity for the digestive and 
respiratory organs, as the fat increases the digestive 
organs decrease in size. And Avith this decrease conies 
a decrease of appetite of the anirn.al. This result 
almost every one knows who has had anything to do 
with or t)bserved much of fattening cattle; for the 
fatter they become the less eager is their ajipetite 
and the more fastidious tlieir taste, food laing 
rejected which iil an eailier stage of their fattening 
would have been taken and devoured eagdiy. Wo 
have said that the external change in the condition 
of a fattening beast consists in the addition of fle.sh 
or meat, which technically is known as lean ” o 
‘‘Iyer.” But to the increase of this lean beef or meat 
a limit is placed, it not increasing beyond a certain 
point, wiiiclt point varies with varying circumstances. 
After this limit is reached the increase of size or 
thickne^ss of external covering of the fnime is made up 
of fat. Fat, it is scarcely iiecessaiy to s.ay, considered 
a.s an animal substance, adds nothing to the strength 
or muscular power of the beast ; this comes alone 
from the lean, which is the substance of the muscles, 
those giving strength and vigour to the animal. In 
the case of animals at one time fat, but which are 
neglected and half starved, the fat goes to maintain 
the animal and supplement the food supplied in too 
meagre a quantity to keep up the condition of the 
animal. The fat being thus absorbed into the system, 
soon disappears, and the animal is “lean and hungry” 
as before. The process of fattening a beast for the 
butcher — which fattening is scarc(‘ly an accurate 
expression, though almost universfilly used, inasmuch 
as it at kiast conveys to the popular mind that fat 
wras the oidy substance aimed at — consists internally 
in the formation both of fat and of lean, and is only 
cjirried out in the case of fully matured animals. 
Up to andbelow this condition, so much of the food 
goes or seems to go to the strengthening of bone 
gtod the formation of the frame. 
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THE CALICO FBIHTEB. 

The Chemistuy and Technical Operations op his 
Trade. 

CHAPTER XI. 

81MPLE though this process may appear, it presents 
umple scope for the exercise of the wskill of the 
experienced dyer. The strength and temperature of 
the dye-bath, the time the cloth remains in contact 
with the dye liquor, and the speed at which the cloth 
should be kept moving, are all conditions requiring 
proper adjustment. There should, as a rule, l3e pre- 
sent in the dye-beck a quantity of dye but slightly 
more than is necessary 1o saturate all the mordant, 
as, if a largo excess bo prcvscnt, the whites are apt to 
become permanently tinged with the colour, and also 
irregular dyeing is apt to ensue. Tlie temperature 
and time adopted in dyeing sliould be those which 
pievious experiment has shown to be best adapted to 
dye up the particular colour. A few examples will 
illustrate these points. For dyeing up a deep alizarine 
scarlet upon cotton, upon the mordant given below, 

10 to M oz of alizarine extract at 10 per cent., accord- 
ing to the pattern, is required for every piece of 25 
yards of cloth. The cloth is dyed from one to one 
and a half hour at a temperature of from 100° to 
170'^ Fall. 

Mordant for Jltd, 

Acetate of Alumina, at 12° Tw. . 3 gallons 

Flour 6 lb. 

Water 1 gallon 

Tin crystals 4 oz. 

This mordant is printed on unprepared calico, aged, 

dunged, dyed up as above descrilied, prepared in oleine 

011 (1 part oleine to 16 parts warm water), dried, 
steamed tw^o hours at 5 lb. pressure, and soaped ; the 
first soap heck at 165^’ Fah., the se(*ond and third at 
180'^ Fah., and tlien well AVJibhcd in clean water and 
finished. When aniline black is printed along with 
dyed-red, the black colour and the mordant for red 
are printed on in a two-colour printing machine, aged 
in steaming machine for three minutes, at 4 or 5 lb. 
pressure, at 1 80^ Fah., dunged, and dyed, etc., just as 
above describc<l for j ed alone. A heavy pattern — that 
is, a pattern pi'inted with a deeply-cngiaved roller — 
requires more alizarine for dyeing it up than a lighter 
pattern, simply because in the former case more 
mordant is printed on the cloth than in the latter. 

The Machinery of the Dye-house. 

This is comparatively simple : the dye-beck, which 
is of the same construction, with but slight differ- 
ences of detail, whether used for dyeing or soaping 
or dunging, etc., consists of a wooden trough or box 
about 8 feet long, 5 feet wide, and 5 feet deep, 
divided into five compartments by four divisions 
made of wooden framework. This trough or beck 


is surrounded by' a wince or reel about 3 feet in 
diameter, which carries or supports the cloth in its 
motion during dyeing ; on its circumference are seven 
or eight bars for the purpose of giving the cloth a 
better hold ; it revolves upon an axis on eacli end 
which moves in a pivot, and w^orked by a strap or 
rope driven by powei*. The beck can be covered 
in at pleasure by means of four hinged lids; the 
two at the top open upwards, the tw’o side lids open 
downwards. The cloth, as it leaves the heck, passes 
between two rollers, and rec('ives a gentle pressure. 

The water of the dye-beck is heated by steam, which 
enters by the perforated pipe which projects into the 
back. The supply of steam is regulated by a screw- 
valve. The WMtor enters by a stopcock. In working 
the machine three pieces of cloth are introduced into 
each compart-ment, or fifteen pieces to one beck ; each 
triple is passed over the wince, and the six ends tied 
together respectively, hiaking five endless webs in tlie 
beck. The wince being now set in motion, the goods 
are drawn up from Die one side of the beck, over the 
wince, and down into the coiTesponding compart- 
ments on the otlier side. The pieces, in passing ov*er 
the wince, are prevented from entangling in the 
ascent and descent by projecting bars. 

Another form of djxung-macliino, similar in 
principle to the washing machine drawn in fig. 2, 
Chapter I., (‘oiisists of an oblong wooden trough, 
divided lengthways into two equal parts by a 
perforated wooden wall, surmounted by two wooden 
i*ollcrs, the lower one ])eing large, the upper one 
smaller. The cloth enters the machine between these 
rollers at one end, and falls into the water trough 
beneath, and continues to fall in until several yards 
have accumulated ; it then ascends between the two 
rollers and falls over the other side ; descends again 
into the trough, into the other back division, passes 
underneath the perforated division, and ascends again ; 
and so continues repeatedly .ascending ami descending 
until it passes out of the machine. The machine 
may, of course, bo speeded so that the cdoth takes 
any desired time to pass througli. Usually the lower 
(large) roller only revolves, and the weight of tl)e 
upper one is sufficient to nip the cloth througli. 
It is almost needless to add that the details of the 
construction of so simple a machine as that we 
have described vary considerably in different works. 
This machine generally holds from seven to fourteen 
pieces of cloth of twenty-five yards each. 

Indigo Dyeing. 

Indigo dyeing, though in principle different to that 
of alizarine dv-oing, finds a fit place for treatment in 
the present chaptei*. Indigo, as met with in com- 
merce, is a dark-blue solid, insoluble in w’ater; but 
when it is subjected to the action of reducing agents/ 
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it loses its blue ooiouri taming pala-yelloi^y and 
bsoomes sotoble in water* When doth is immersed 
in this white indigo,** as it is termed, it enters 
the fibres of thd doth, and on exposure to the air, 
oxidation takes place, and the white indigo is con- 
verted back into its original condition of dark-blue 
indigo, and being now insoluble, it cannot be washed 
out, and thus the fabric is dyed. This is the prindple 
of indigo dyeing. The indigo first requires to be 
subjected to the operation of grinding. The hard 
lumps of indigo are first allowed to steep for fourteen 
days in water, and the indigo and water are then put 
into the grinding mill, and ground up until reduced 
to a smooth paste. This takes from sixty to one 
hundred hours grinding, according to the power and 
construction of the mill. A small quantity of caustic 
soda solution is added to the contents of the grinding 
mill 5 1 gill ” (that is, half a pint), at 70® P., to every 
60 or 70 lb. of indigo. This addition acts in facili- 
tating the grinding operation. It is now ready for 
the vat. There are several ways of reducing the 
indigo in the vat, but the following two methods are 
the best. 

1. The copperas <md Knve vat. — This vat is simply 
a deep oblong box, made of slabs of stone or of wood, 
and of any convenient size, with a series of rollers 
both at the top and bottom, to cany the cloth through, 
and surmounted by a wince or reel. The cloth is 
drawn through the vat by the gentle nip *^ or pres- 
sure of the two wooden rollers, between which the 
cloth passes when leaving the vat, and then the cloth 
passes over the wince, and is received in barrowa 
Three parts of freshly decked lime are made into a 
cream with a little water, end put into the vat. One 
part of the paste of indigo is then added, and the 
whole thoroughly mixed. Three parts of good sulphate 
of iron or copperas, dissolved in a little hot water, 
are then gradually poured in, the whole being well 
stirred all the time. The mixture is then left standing 
for several hours, during which the contents are 
occasionally stirred. The mixture will then have 
assumed an olive-yellow colour, showing the reduction 
to be complete. The requisite quantity of water is 
then slowly added, with gentle stirring, and the goods 
are run throi^h. The strength the vat is made — t.s., 
the quantity of the above mixture of lime, copperas, 
and indigo added — doee not depend upon the shade of 
indigo to be produced, noi* upon the quality of the 
cloth to be dyed; as when a deep shade is desired 
the goods are run through the vat twice or oftener, 
until the desired shade is reached. In this way a 
more uniform shade is produced than when the goods 
are run through a stronger vat, or are longer in 
contact with the liquid. The doth as it leaves the 
vat is of an olive-yellow or greenish hue, but quickly 
becomes green, and then blue, as the ait oxidises Cm 


odour. As the vat beoomes esdbausted it must lie 

freshened up** by the addition of reduced indigo* 
By varying the number of times the doth is dyed, 
and the time of passage through the vat, different 
shades of blue, vaiying from pale blue to deep indigo, 
may be obtained. 

2. The ztm powder vat . — ^This is a more recently 
discovered vat, and is now largely employed. The 
reducing agent is finely powdered sine in place of 
lime and copperas. The following is the mode of pro- 
ceeding. As much indigo paste as is worth £12 is 
placed in a tub, and filled up to 80 gsdlons with water, 
and 24 lb. of zinc preparation is added, and the whole 
well stirred. This is allowed to stand several hours, 
and is* put in the vat, which is diluted with water, 
and is ready for dyeing. This method of reduction 
of the indigo possesses several advantages over the 
ooppmas method. It is not so liable to froth, which 
is a troublesome property of the old vat. It is, more- 
over, cleaner, as it does not leave so much residue 
or bottoms’’ in the vat, and is more regular in 
working. 

The Ohemistry of Aeidi, Alkalios, Sslti, Xordaats, and otkor 
Drugs used by the Oalioo Printer. 

Acids. 

ffydrodUoric or Muriatic Acid^^or Spirit of Salt 
(HCl^). Used in bleaching and in making miniates or 
chlorides. This is a strongly-acid, fuming, volatile 
liquid ; colourless when pure, but usually more or less 
yellow from the presence of iron and organic impuri- 
ties. Iron, except in small quantities, may be highly 
injurious. It also geneially contains sulphates, at|d 
aisenic, which, as a rule, are not injurious, but, 
when present in large quantities, cause tiie acid to 
appear stronger than it is in reality by raising the 
i^cific gravity of the liquid. As met with in com- 
merce, it stands at from 27® to 32® T., and contains 
from 27 & 36 per cent, pure acid (HCl). 

Ordinary hydrochloric acid consists of a solution of 
gaseous hydrochloric acid, HCl, in water; in which 
it is very soluble : one volume of water at 0® C. absorbs 
503 volumes of the gas. On heating, a concentrated 
aqueous solution of the gas comes off, and the solution 
b^mes weaker ; if, however, a weak solution be boiled, 
water comes off and the liquid becomes more con- 
centrated. Hydrochloiic acid of sp. gr. I’ll boils at 
110®0. The following table shows the amount of 
pure acid in aqueous solutions of hydinchloric add of 
different spedfic gravities, as recently determined by 
Kolb. It must, however, be borne in mind that these 
figures are strictly accurate only in the case of pure 
solutions, and that the presence of neutral selts, such 
as sodium chloride or common salt, will raise the 
qpedfic gravity without adding to the strength. Most 
samples of the commercial add, however, do not 
contain su^icient impurities to make much diffbrenoo. 
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THE SAHIIABT ABOHUBOT. 

TH» PBIHOIFtWiiLND PEACXXOB OF HiB WOBK, IN Hea^LTRY 
HOXTBB AERANOEMENT AND OOKSTBUCTION.— 'TEOHNIOAL 
POXNTdOF SEWEEAOS AND DbAXNAOE, VENTILATION, ETC. 

CHAPTER IIL 

At the conclusion of the preceding chapter we stated 
that damp often gave no indication of its presence, 
and therefore exercised its bad influence without 
those subjected to it being aware of its existence. Now, 
while damp may, and often does, arise from defec- 
tively constructed walls, either too thin, or, if thick, 
too carelessly put together, it much more frequently 
owes its existence to the foundations of the house 
having been neglected, using the term in the sense 
we have already defined it. In nine cases out of 
ten no attention, or if any, very little, is paid to the 
condition in which the soil is, and as to what the 
character of the soil itself is. 

It may be of a close retentive clay, catching up 
and retaining, with the closest of grips, the drainage 
water of the surface, or that coming from the sur- 
rounding and higher placed soil. A site of this kind 
is the very worst which can be had, and if possible 
another should be chosen. But if the matter is a 
case of “ Hobson’s choice— this or none,” every means 
should be taken to lessen, and if possible do away 
with, its evils; for unless this be done, there will be 
little chance of the house being a truly healthy one. 
The first thing to be done is to thoroughly cross-drain 
the site; and, indeed, the land for some distance 
beyond it. Let it be remembered that the drains 
used are field drains, with oplen joints, through which 
the water finds its way, percolating from the adjacent 
soil to the interior of the tubes ; these again joining 
with a main drain of a larger diameter, and which 
leads finally to the main drain or outfall. 

Sewage tubes are quite distinct from field ones, and 
ore laid upon a different principle, the joints being 
water-tight, so as to keep the sewage in and allow of 
no contact with the soil surrounding them. The site 
should be surrounded with drain tubes, to catch or 
arrest the water coming in from around it ; but if the 
expense be objected to, it is at all events essential that 
the side or sides towards the highest land be so pro- 
vided with a catch- water drain. The actual site itself, 
and for a little space beyond it, should be crossed in 
the direction of the fall or inclination of the land by 
the drains, placed at distances more or less great, 
according to the retentiveness of the soil, the maxi- 
mum distance being, on an average, about twenty 
feet. 

The great mistake in draining sites when they have 
— which we regret to say is but seldom — to be drained 
at all, is that the drains ore too far apart, and far too 
shallow or too near the surface. The latter arises 
m. 


from the mistaken idea that a deep drain will not 
draw, as it is called, the water away from the soil ; 
but the f^t is, that the deeper the drain, consistent 
with the limit which difficulty of working and ex- 
pense will put, the better drained the soil will be. 
To prevent the drain tubes from getting out of repair 
— this arising chiefly from their getting out of line 
with each other — it will be the better plan to use a 
" collar,” this being a short length of tube of diameter 
large enough to embitice the two drain tubes. The 
drain tubes themselves should not be put down too 
small in internal diameter, as they are apt to get 
silted up with the finer particles of the soil. A 
diameter of two inches we would place as the mini- 
mum. Some soils are so happily adapted for good 
sites, such as a free gravel with sandy bottom, that 
no drainage seems requisite ; but as even in the best 
soils there may be cavities or holes or faults in which 
water lodges, we should strongly recommend even 
these to be drained, for water lodging, as it will lodge, 
in any place under or near the site, will in time send 
up vapour or emanations which are much better 
absent than present. Prevention any day is better 
than cure. Of course, in fine dry soils the drains 
will require to be fewer in number, and not so deep, 
as in the case of those which are of retentive character. 

In concluding our remarks on this part of the 
subject, let its value be understood from this: that 
there would be fewer damp houses, and less of the 
many mysterious complaints which owe their origin 
to them, the sites were always drained. 

Amongst the soils which are to be classed os bad — 
and the soils of sites range from gravel as the best 
down to close retentive “ bird-limy clay ” as the worst 
— are what are termed made soils, to be met with 
on those unlucky (for the inhabitants of the houses 
afterwards built upon them) plots on which is stuck 
up on a board, “ Rubbish may be shot here.” 

Rubbish in the worst sense it is ; and it is difficult 
to overestimate the evils arising from sites made of 
it. Some which have been examined by competent 
authorities have been found to consist or be made up 
of not merely soil, broken bricks, lime, etc., which 
are in one sense not bad, but also of vegetable matter, 
and what is far worse, animal refuse of all kinds, both 
of which, vegetable and animal, are liable to decay. 

Now, this decay gives rise to several classes of 
evils. First, it allows of the subsidence of the soil 
at the points at which the decaying matter rested; 
BO that the danger of unequal settlements in the 
foundations of the house comes into play, causing 
the walls to settle unequally, and making ceilings 
to crack, and all the other evils too well known to 
householders. Secondly, and what is worse, during 
the period in which the animal and vegetable sub- 
stances are deoa3ruig they emit and send up through 

^ 2 
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th€ soil foul gaseous emanations, the only outlet in too 
many eases for which is through the apartments of the 
house, and the presence of which is indicated by smells 
the origin of which is not known, or in the majority 
of cases, not eren being suspected, are set down in that 
category known as ** most unaccountable ” or “ most 
mysterious,” which covers many an evil, and allows 
those under their inditenoe quietly to submit to, there 
being appaiently no remedy for them. 

Again, when once completely decayed, if the soil 
above does not settle down, holes and cavities are 
formed, into which water or moisture collects, and 
tills again sends forth exnanations — none the better 
for being mixed with the last remains of the 
decayed substances — which have their only outlet or 
escape, as before, through the house, and also cause 
the soil to become damp, and through this the 
foundations and walls. And thus the evils go on. 
But further still, the rubbish is shot ” upon sui*faces 
of the natural soil which have been in no way prcpai'ed 
to receive it — “ shot down ” upon hills and hollows,” 
with a supreme indrOference to after results — and 
“ shot down ” often upon heaps of filth and garlmgeof 
all kinds which have been accumulating for a long 
time upon plots of waste and neglected land. 

Taking all these things into consideration — ^and we 
have in no way dealt in exaggeration either of cause 
or effect — need we wonder that houses built upon sites 
the soil of which is in these conditions named, are un- 
healthy, cannot possibly be healthy places, for people to 
live in — especially for women or children, who as a 
rule live there the whole day, and wlio, also as a rule, 
are more liable to attacks of disease than the male 
inhabitants, who are not subjected for such long 
periods to the causes, as they have usually to be 
absent on their business affairs during the greater part 
of the day 9 What, then, is to be done in cases such as 
these we have so very briefly detailed ? Why, by no 
means a difficult thing ; but nothing, we venture to 
say, will be done till employers of labour insist upon 
what is necessary to be done, being done. It is not 
that the working details of sanitation are difficult, or 
so very difficult to be carried out ; tliat they are not, 
is but simply from the indifference of the parties 
interested as to their being so. Either indifference or 
ignorance; and it is only when the.se are overcome 
that we shall see a new state of matters introduced. 
We, of course, are here meant to be understood as 
attributing the indifference to the employer of labour, 
who knows what should be done, but who does not 
care to see that it is done ; the ignorance we attribute 
to the large body of the people generally. 

For it is a very curious, and not the leajst suggestive 
point in connection with the history of the science of 
sanitation, that, notwithstanding all the talk, the 
papers and pamphlets, and the work generally of the 


press, which has been done and issued, there is still on 
the part of the people generally a vast deal of igno- 
rance existing upon the subject. There is, no doubt, a 
species of vague, misty understanding amongst many, 
that there are things called sanitary evils, which 
do affect their health, and which in some kind of way 
are concerned with their houses; but as to these evils, 
what they are, and how they are connected with their 
homes, they have no practical idea whatever, and, of 
course, none as to how they are to be remedied, or if 
their houses are bad, how they are to be made good. 

Those about to build have a vast power with the 
builder if they please to exercise it, but it is not ea^ 
to exercise that of which they are ignorant,’ or to give 
orders for things to be done or points to be attended 
to, if they do not themselves know what these are. 
But the indifference of those who do know is most 
highly to be blamed, for with them rests — has rested 
for a long time — a power to do good which they have 
failed to exercise. Take the question of site and 
soil, which we have but very briefly gone into : how 
easy, comparatively easy, would it be for an employer 
to see that the evils we have pointed out should be 
avoided ! They can be avoided easily enough — true, at 
the cost of some time and money, but if these be 
valued more than the health, either of themselves or 
of those related to them, there can be no more said — 
the matter is decided, the choice is made. 

But if health be the main object to be secured in 
the structure of a house — and if it is valued properly 
it will be so— then the matter is one of comparatively 
easy attainment. The party who is about to build, 
say a family house, can insist upon his builder or 
architect examining the site, and if it is necessary — 
both of them ought to know at once if it be so — to 
have it drained ; the owner can order it to be done, and 
it will do him no harm, but some good, if he takes 
an occasional walk to look after the work himself, 
and to see that it is being done. He may not be 
acquainted with practical details, but he will be able, 
as a general rule, to know whether the work ds being 
fairly done or not. And if he employs (as he should 
employ) a competent architect, the latter will take 
care to see that all the details are fully attended to. 

Where the site is to be a made one,” the matter 
in some respects is more easy to be dealt with, for it 
is not doubtful when real rubbish is used for this 
purpose. The nature of that no man can misunder- 
stand who has eyes to see and a nose wherewithal to 
smell. Let the soil be good; and if the architect 
looks after the work he will see that this soil is 
properly put down, so that no settlement can after- 
wards take place, or holes and cavities be formed in 
which water can lodge, the danger of which last we 
have already pointed out. 
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again be understood that the evils created by bad sites 
are very great, exercise a most deleterious influence 
upon the health of the inhabitants, and are veiy easily 
— too easily — brought into play; but that, notwith- 
standing, these evils can be in a comparatively easy 
way avoided by the exercise of a little care, and by 
the determination that this care shall be exercised by 
all connected with the practical details of the building. 

We have taken into consideration various points 
connected with the sites of houses. This department 
of sanitary constmction, the reader will have perceived, 
is concerned with more than one point. The subject 
of aspect is not the only thing to be considered in 
connection with the site ; this, indeed, is of importance, 
but it may be said to be in a measure unimportant 
when considered in I'elation to or contrasted with the 
points connected with the soil of the actual site or 
portion of ground on which the house is built. And 
on the way in which the architect deals with the 
actual site, and in strict relation to the walls erected 
upon it, depends greatly the construction of the 
house. 

Much is said nowadays as to the importance of 
securing thoroughly efficient house drainage, as an 
essential factor in the problem o^ how to construct a 
healthy home. We shall see in the chapter following 
upon tills how essential this house drainage is; but 
some little experience in the arrangement and con- 
struction of domestic buildings has shown us that, 
while it is impossible to overestimate the importance 
of house drainage as a means of securing a healthy 
home, it is much to be feared that the almost exclusive 
attention to this department of sanitar}' construction 
has caused other points bearing most closely on the 
health of house inmates to be greatly and in too many 
cases wholly overlooked. Of these overlooked or 
neglected points, that of the prevention of damp in the 
doors and waUs of houses is the chief in importance. 
Taking all the evidence which is to be met with — but 
which unfortunately, as a rule, has not received 
the wide-spread attention it deserves both from the 
builders and the occupiers of our domestic dwellings — 
it may indeed be gravely questioned whether more 
injury to health has not been caused by damp houses 
than by those which have been ill drained. A strict 
inquiry, medical as well as sanitary (meaning by this 
term the details which come within the province of 
the architect), would, we feel assured, result in the 
truth being made very clear that, if not* as extensively 
existing, damp is quite as potent a power for creating 
diseases and distressing complaints as the foul gases 
and mephitic vapour arising from defective drains and 
sewers. 

One reason why the evils done to health by damp 
floors and walls of houses are not so fully and as we 


may say popularly recognised as those arising from 
defective house drainage, is probably that they are so 
insidious and so occult or bidden. That much ill health 
at one time attributed to other causes, and generally 
to defective house drainage, has been by clever medical 
men traced to damp, is beyond a doubt. And wo 
believe that in the future the careful diagnoids of 
diseases which will distinguish the age will prove 
conclusively that damp, if not to be feared more than 
defective drainage, is from its potency for evil to be 
as much dreaded. The importance, then, of attending 
to all points which aifect directly and indirectly the 
hygrometrie condition of a house will thus be seen^ 
and to those we now briefly direct our attention. 

But before going into the immediate details of what 
may be called the department of the prevention of 
damp or the securing of dryness in houses, it will be 
necessary to draw attention to one or two neglected 
points which have a close relation to the subject of 
site, and which affect more or less directly the health of 
the inmates of houses ; and in doing so the writer will 
chiefly follow a paper on the subject which he con- 
tributed some time ago to one of the leading scientific 
journals of the day. The first point to which we would 
draw attention is the condition in which the surface of 
soil immediately below the floors is so frequently left 
the workmen. It need scarcely be said, in connec- 
tion with the relation which the floor itself bears to 
the soil of the site immediately below it, that we con- 
demn utterly the system, but too frequently carried out 
by builders, of laying the flooring boards or flags in 
dose contact with, or even where they are a few inches 
above, the surface of the soil, in the case of ground-floor 
apartments. In few cases is the plan of laying the 
flooring surface immediately upon or in actual contact 
with the soil adopted — and that only, as a rule, where 
stone flagging or tiles are used as the flooring material. 
But even in such cases, and with such materials, we 
would most strongly recommend that a cavity or space 
of considerable depth be left between the upper surface 
of the soil and the lower or under surface of the 
flagging. If this be used, by far the best plan to 
insure a dry floor would be the placing of the flagging 
upon brick bearing walls or sleeper walls ; and in the 
case of tiles, these should be made to rest upon a layer 
of dry cinders or clinkers of considerable depth. But, 
however weD suited for the flooring surfaces of lobbies 
flags or tiles may be considered, we have a strong 
belief that neither of these are suited to apartments' in 
which work is to be done or people axe to live, such as 
veashhouses, sculleries or kitchens. They give at the 
best a cold comfortless surface ; and builders of domestic 
houses should therefore see that working and sleeping 
apartments — upon which latter we shall hereafter 
have a word to say — be as comfortable as possible. 
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TEBSTDintXASOV AS ATECmilOAL WOBKEE. 

Tbs Pbinciplss and Praotiob of, and tbs 
1£AT£BIALS be employs in, bis Wobk. 

CHAPTER IX* 

We concluded the last chapter by stating that the bars 
in leading into stones should be chisel-notched. To 
enable these to take the fastest hold of the lead, and to 
resist the breaking-out tendency which the bar may 
have by pressure or strain put upon it, care should 
be taken that the direction of the notches should be 
such that the teeth, so to call them, formed by the 
notches will open upwards, that is, against the line of 
strain tending to piUl the bar g out of the hole in the 
stone, or rather out of the lead wedge-block % fig. 54 
(voL ii., p. 150). The pupil will learn from this illustrar 
tion the value of thinking, even in a matter apparently 
so trifling as a simple cramp, so that all chances of loss 
or danger to the work may be avoided as completely 
as possible. He should ever remember that no deta/il 
of construction is trijling. He ought to bear in 
mind that the strength of a structure lies in its 
weakest point : it may be that this weakest point lies 
in a bolt, a cramp, or a dowel, or what some would 
call a trifling detail. This, one of the most important 
axioms in construction, should never be lost sight of ; 
its lessons are simply invaluable to the constructor. 
The method of leading-in ” iron bars into stones we 
have described and illustrated, as in fig. 54 at g i, is 
applicable to all positions of bars. Thus f h, in same 
figure, illustrates how it is applied to a horizontal bar. 
In leading-in ’’ horizontal or inclined bars, means 
must be taken to prevent the melted lead from 
running out as fast as it is poured in. In point of 
fact, it could not be poured into the horizontal hole 
as at 4 in fig. 54. To get over the difficulty a very 
simple plan is adopted. Well kneaded plaster clay is 
taken and stuck up and secured against the face of 
the wall or stone into which the horizontal bar is to 
be leaded, the clay being so shaped or moulded by 
the hand as to form a species of cup open at top, into 
which the melted lead is poured, which is of course 
conducted to all parts of the dovetail hole, as at 4 in 
fig. 54. When the lead is set ” or cold, the clay cup 
is taken down, and the mass of solid lead left outside 
the hole is cut away with the cold chisel, and left 
smooth on surface and flush with the surface of stone 
or wall in which the iron bar is leaded. 

farther XUiutratioiu of the Fraetioo of CranpiAg by Idiniag 
Blooki of Stone together with Iron. 

In fig. 53 {ante) the use of a “ cramp ” for secur- 
ing stones together, as d e, is further illustrated by 
diflerent views ; the upper sketch being in plan, the 
lower to the right, a section in the direction of the 
length of the 8tones'(^^ longitudinal vertical section — 
see The Building and Machine Draughtsman^’), the 


lower sketch to the left bemg a cross or transverse 
section in the direction of the breadth of the block. 
A further illustration of the use of cramps ” is given 



Fig. 67. 


in fig. 67. In this, which shows a “cornice block,” 
a a, crossing a wall 5, which we suppose to be further 
secured by a stone “ dowel ” at c, the block is secured 
by the cramp d d, of which front view is at e e. In 
place of terminating at a point below the top surface 
of block, as shown at d d, the cramp at upper end 
may be extended further up, and have a double re- 
turned end, as at/. This may have a greater or less 
horizontal hold of the upper surface of block a a; in 
the illustration this hold is very short. Fig. 58 Ulus- 



Fig, 68. 

trates another method of using cramps. In this two 
“ header ” blc^cks, a 6, in the cross section of a wall in 
“ coursed rubble work,” are secured together to pro- 
vide for a pressure or strain tending to force them 
apart, or to cause the wall to bulge out. The “ cramp ” 
is at c c. 

Securing or Binding Blooki of Stone together by meani of 
Iron Bolti and Xeyi or Cottari. 

We now come to the last of the methods of supple- 
mentary bonding — namely, bolts, and bolts and ties, 
or bars. And first as to l^lts. These are of different 
forms, and are employed in a variety of ways, the 



Fig. 69. 

general direction of the bolts being either vertical or 
horizontal. Both of these are illustrated in the 
Ulictches in fig. 59. Bolts are secured in position 1^ two 
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m6ihodii*^iiher by flat keys or wedges, or by having 
serewed ends and nuts. The flrst of these methods is 
illustrated at a b, showing how the stones e, e, are 
secured by the vertical tie of the bolt, which passes 
through a hole made in each stone. This hole is 
made a little longer than the diameter, if circular, 
as at ef ; on the side, if square, in section as at s, — so 
as to admit of the easy passing down of the bolt, and 
of its expansion, which may take place. The lower 
end of the bolt is passed into a vacant space, as 5, left in 
the stonework, to admit of the fastening being put in. 
This consists of a “ key,” or wedge, made of flat bar 
iron, as at //, this being passed through a slot or 
i^ectangularly-shaped opening, as g, made at the end of 
the bolt, l^e position of this slot is such that when 
the key //is passed into it, the upper edge of the key 
will press against the lower surface of the stone. The 
sketi^es at // and g — the first being a view at the 
side, the second a view of the edge of the bolt and 
wedge — illustrate the bolt as secured at the top or 
uppermost stone block of the series of blocks, as at c c. 
Tlie position at the bottom of the bolt, as at 6, is 
the same in detail, only reversed. This arrangement, 
although often adopted, is so far faulty that it affords 
no good bearing surface for the retaining wedge or 
key / f, Tliis presses on the stone only through the 
medium of its narrow edge. If the stone block be of 
a soft nature, this edge is apt, under pressure put upon 
it, to cut into the stone. This fault can be overcome 
by giving a broad bearing surface of iron, the same 
material as the bolt and wedge, or key, this surface 
being simply a flat and thickish plate of iron. As the 
pressure to which this is subjected is chiefly that of 
compression (see the chapter on Framing in ‘‘The 
Carpenter”), it may be made of cast iron, which 
form of the metal is well calculated to resist a strain 
of this kind. Or the “ bearing plate ” may be made 
of a piece of boiler plate. The surface of this should 
be considerable, so as to distribute the pressure over 
as large a surface of the stone as possible. The 
arrangement is shown in plan at h. The pupil will 
find some information as to the value of large “ bear- 
ing surfaces” in resisting by distributing pressure 
in the paper under the head of ** The Carpenter.” 

Beeariag or Binding Blocks of Btono togotkor by moans of 
Iron Sorow Bolts and Vnts. 

The method of securing bolts in stonework by 
screwed ends and “ nuts,” as at i j (fig. 59), is fui> 
ther explained in detail in fig. 60. The upper part 
of the bolt a a is screwed, and passes, or should pass, 
through a “bearing plate,” b b, bearing or pressing 
upon the surface, o c, of the stone block. A screwed 
nut, d dt passes over and embraces the bolt a a, and 
by turning it, it is pressed down upon the bearing 
plate b b, and by tending to pull the bolt upwards, 
it tightens down the whole upon the stone surface c. 


]^ut to do this the tendency of the bolt a a to be 
pulled upwards must be resisted* This is done by 
giving to the lower or opposite extremity of the 
bolt a bearing surface, as/, this part of the bolt being 
called the “ head.” As the bearing surface of this is 
small for the comparatively soft material of stone (for 
propoiiion of bolts and nuts see the paper “The 
General Machinist”), this should itself bear upon a 
“ bearing plate,” as g g, through a hole in the centre 
of which the bolt “ shank ” or “ tail ” k passes, the 
upper end of which is shown, with its connections, in 
the upper sketch, to the left in fig. 60, — the plan being 
below with corresponding letters accented. In place 
of the bearing plates, as that at b 6, lying on the 
surface of the stone, and projecting from it in pro- 
portion to its thickness, it may have its suiface 
“flush” or “in line” with the surface of stone by 
being let into the stone as at t; and if the bearing 
plate have two of its edges “ i*etui*ned|” as aty and k, 
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all the advantages of a “ cramp,” more or less modified, 
may be obtained by the arrangement. 

Bseariiig or StrengthoaiiLg Buildings by means of Iron Tie- 
Bods and Bearing Plates. 

Bolts or iron tie rods with heads and screwed ends 
and nuts, as now illustrated, are often applied to 
buildings the floors of which sustain heavy weights, as 
granaries. Through some defect in construction, either 
in the walls themselves, unequal settlement of the 
same, or through defective framing in floors, parti- 
tions and. roof, the walls, in place of remaining vertical 
as at a a, fig. 61, have a tendency to, and often do, 
push outwards, as at 5 5. To bring them to the 
vertical again, or to retain them in this the only 
stable position, wrought-iron screwed bolts, bearing 
plates, and nuts are used, as at o c. 
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THB JODTEB. 

The Gi^ekal Principles and the Details op his Work. 
CHAPTER IX. 

Bbsuming our description of the drawing named at 
the conclusion of last chapter, the second diagram shows 
a “ flush panel,” with styles d d, the panel having a 
raised position in the centre, as shown at a b, with flat 
spaces, as at 0 c, all round. The lower diagram to the 
right is an enlarged view in section and elevation of 
the part of the panel of upper diagram to the right. 
The lower diagram to the left is an enlarged view of the 
left-hand side of the panel, which is technically called a 
raised panel” Kgs. 6 and 6, Plate XXV., are other 


This is called “ bead butt ” panel When the panel 
has mouldings all round — that is, at top and bottom 
as well as at the sides — the mouldings meet at the 
corners, and are mitred, as sliown in the lower part 
of the diagram in fig. 6, Plate XI. ; this is known 
as a ‘‘bead flush” panel In panel work where a 
moulding is worked out of the solid, as at in fig. 4,* 
or at a a in fig. 5 of the style, as c c or 6 6, the term 
“ stuck on ” (a corruption of “ struck on,” which is 
the true term) is applied. This is only applicable to 
“ bead and butt ” panel work vertically, as the mould- 
ings would not mitre if struck horizontally on the rails. 
When the mouldings are made separately and nailed 
on to the styles and rails t t, fig. 6, Plate XI., they 
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views of raised panels ^ and diagram b in next figure, are called “ laid-on ” mouldings. They may be nailed 
58, shows a form of panel in the Gothic. Other on either to the styles and rails or to the panels in 
fo^ are illustrated in figs. 1, 2, 3, 4, and 6 in “ flush ” work, or all round the panels in “square" 
Plate XVII. In fig. 3, Plate XI., the flat part of the panels. In fig. 68, in diagram A, we give a panel 
panel surrounding the raised central part is called the at upper part of door, in which the upper rail o « 
•“margin'’ (see also fig. 6, Plate XXV., at 6). The is curved at top, 6 6 6 the styles, separated in the 
panel, as in fig. 3, Plate XI., is called a “ moulded centre hy a moulding aa'; d the upper panel, with 
raised panel” when there is a moulding at the margin, stuok-on mouldings c « e. Diagram b is, front ele- 
as /« A. There are other distinctions in panel work ration of lower panel In fig. 6, Plate XXV., we 
yet to be noticed. In “flush panels," as in fig. 1, give a section of middle style and panel; thenuddle 
Plate XI., the “ moulding ” or “ bead ” is worked style h b being provided down the centre with a 
only on the two ndes (vertical) of the panel ■’1* stuck-on moulding, as at 6 a, corresponding to the 
d d, %. 6, Plate XI., and these terminate at the rails, vertical moulding o' o' in fig. 69. A moulding as at 
ns//, no moulding being at the ends of the panel, c am worked in the margin of the style, corresponding 
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to c e in fig. 58. e shows the moulding in section stuck 
on the square panel / the margin/ being in this 
way wide. In fig. 69, and in figs. 1, 2, 4, and 6, 
Plate XVII., we give illustrations of panel work, and 
in fig. 3, same plate, section and elevation of mould- 
ings for a panel. 

Jolner’i Work in tke Constmotlon of Doors.— Biibront 
Kinds of Doors. 

We now come to illustrate the difierent forms of 
doors, and various details of their construction. 
Boors are either external or internal, and both may 
be constructed much in the same way. The chirf 
difference between them, if difference may be made at 
all, is that external doors are heavier in their 
timbers — that is, thicker and broader — ^and are not 
quite so much ornamented with mouldings, or so 


to head. These are either laid as in plan b in the 
cheapest’ class of work, edge to edge, and held to- 
gether by cross-pieces or bars e c. In better work, 
these and the vertical parts (f ef are secured by joints 
of different kinds (see preceding chapter on joints 
used in joinery). In the section c the cross-bars e are 
simply laid flat and nailed to the upright planks d d. 
The edges of the cross-bars d d may either be left 
square, or have the lines or comers planed off or 
“ chamfered ” or bevelled off (see succeeding paia- 
graph), as at//. 

Ledged and Braced, and ledgad, Braced, and Framed Doer. 

Fig. 61 is an elevation in diagiam a of a ** ledged 
and braced ” door. To the vertical and cross bars of 
the simple form in fig. 60, the diagonal “braces” 
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^i^hly and carefully finished, as internal or private- 
rc^m doors. Doors are of different classes, beginning 
with those adapted either for houses of a simple 
character, or for out-buildings, etc., where economy is 
carefully studied, and going up to the more elaborate 
forms, used in houses of the higher class. 

The Ledged** Door. 

T^e simplest form of doors is shown in port ele- 
vation at A, fig, 60, in plan at b, looking down in 
direction of arrow 1, in c side elevation or edge view 
looking in direction of arrow 2. This form is what 
is called a “ledged door.” In elevation in diagram a, 
the lower part is a a, next to floor or ground line 6 6. 
The door is made up of flat planks, a a c d d, running 
vertically from foot or floor or ground line 6 6 up 


a a a tty corresponding to the struts of a roof truss, 
are introduced; these butt against the cross-bars 
or “ ledges ” hh hhy while behind are the vertical 
boards o o c c. Diagram B is side elevation or edge 
view% and c vertical section. A still higher class of 
door is the “framed, braced, and ledged” door in 
fig. 62 : here, as in elevation in diagram a, we have 
an outer frame of vertical pieces, held together 
and secured by the cross-bars 6, c, d, the ends of 
these being tenoned into the styles a a. The central 
spaces are filled with braces e e, and the vertical 
boards// Diagram b is vertical section on line 2, 
and c is edge view, showing ends of tenons of cross- 
bars by Oy d\ D is plan of top edge, looking down ; 
E is cross or horizontal section on line 3 4 in A. 
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TEE STEAK EEOXffE 1T8EB. 

The Different Classes of Skoines used ohieflt fob 
Manufactobikg and Agbicultobal Pubpobes.— The 
Leading Details of Steam Engines~>-Cokstructive 
AND Operative.— Theib Pbaotioal Wobxikg and 
Eoonomioal Management. 

CHAPTER Xn. 

To discover the defective setting of the valve, shut 
off the steam and turn round the Hy-wheel until the 
piston is near the end of its stroke, or in that position 
where the steam port is just closed and the exhaust 
opened; then turn on full steam by opening the 
regulator. If the valve is defectively set, steam will 
issue fiom the exhaust pipe. 

Having shown how defective interior arrangements 
of the steam-engine cylinder may be detected, we 
regret that any information we could communicate 
to the reader by an article would not be practically 
useful on the subject of setting matters to rights : this 
involves mechanical skill as well as mechanical know- 
ledge, and the practical engineer, therefore, will have 
to be called in. But the information we have given 
is not therefoi'e valueless altogether; for in matters 
connected with ourselves, when we feel ill, we send 
for the doctor ; but if we not only feel ill, but know 
what is the matter >vith us, and tell the doctor what 
it is, we simplify his labour very much, and think 
that we are pretty well advanced in that kind of 
knowledge. Just so with the steam engine: it is 
something for the tyro to know how to trace some of 
its defects after he suspects them to exist. 

Yariouf ]B[iads of Steam Engines.— Hotiee of Early Engines. 

It is proposed in the paragraphs following to 
give a slight sketch of some of the earlier forms of 
steam engines, and afteiwards, more particularly, to 
describe the general details of some of the more recent 
forms — principally for the benefit of those in actual 
charge of engines, and who are unable to gain access 
to more elaborate treatises on the subject than this 
pretends to be. 

A steam engine may be considered as a machine 
moved or driven by steam ; and this machine should 
be considered separately from the boiler or steam 
generator, though of course it must be evident that 
the engine without its motive power would be useless, 
just as much as the elaborate machinery in a spinning 
mill would be useless for its purpose without the 
motion given to it by the steam engine or other motive 
power. Commencing with the engine as constructed 
by Saveiy (and for which he was granted a patent in 
the year 1698), and then describing the improvements 
made by his immediate successors Newcomen and Watt, 
we shall be led up to a form of engine very similar 
in general appearance to the beam engine of to-day, 
which will then be the subject of our investigation. 

In order, too^ that young students may be able to 


thoroughly understand the elementary details of the 
steam engine, we will, so to speak, take a modem beam 
engine to pieces, and give sketches and drawings of the 
various parts, and occasionally compare them with 
parts bearing the same names, but wUch will be seen 
to be sometimes very dissimilar to, and at other times 
very much like, the parts now in use, and performing 
the same offices in steam engines of the present day. 

Having dealt with the beam engine, we shall then 
go on to desciibe other forms of engines, taking typical 
designs rather than comparing the merits of one 
with the merits of another maker's productions. 
Under this head will come vertical, horizontal, rotary, 
and three-cylinder engines. 

The question as to the kind of engine to choose for a 
given purpose is oftentimes followed up by an engine 
being employed for the work as ill suited as an engine 
can possibly be ; the result being, as one giving the 
slightest thought to the matter must readily see, great 
waste of energy, or straining of machinery, — for if the 
engine be too small, it cannot possibly do the work 
of the factory, or if it be too large, the small boiler 
already there cannot keep up a sufficient supply of 
steam. There are times when one is to blame just as 
often as the other ; or again, it may be that the engine 
does not do its fair duty because left in charge of a 
man without the necessary experience — one who knows 
little or nothing of the constiniction and delicate 
mechanism of the simplest steam engine. So long as 
the crank is turned round he is quite satisfied that the 
engine is doing its duty, and he rests quite confident 
that he also has done his when he has succeeded in 
making the wheels go round. 

Too often it happens that the man who acts as 
stoker to the boiler also does duty as engineman ; 
and not infrequently these offices are looked upon as 
the least important part of his daily labours, for he 
may be employed during the chief part of the day 
working a printing press, attending to a drilling 
machine or a lathe, or at the saw bench or the anvil 
or the grindstone, rushing at intervals to ** fire up " or 
turn on the “ feed,” or give a little oil to the heated 
bearings of the engine shaft. Such a man is considered 
a useful hand. Of course there are men who can turn 
their hands to almost anything, and do many kinds of 
work in a mechanical sort of way — who can do odd jobs 
in the shape of repairs, simply copying what has been 
done before, without fully knowing why this is so 
or that is otherwise. Still some of the cleverest men 
have been brought up in trades and professions en- 
tirely different from those with which their names are 
now identified ; and it is not to be assumed that a man 
who attends to his employer's engine and also to his 
printing press is totally ignorant of the construction or 
working of both machines. All men, however, have 
not thejnventive genius of James Watt or George 
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Stephenson^ and it is not to be expected that eveiy 
en^eer or mechanic should lookupon it as his broader 
duty to ** invent something.” A great deal of patient 
study and perseverance is required to mature new 
inventions and ideas. Some must therefore work on 
in the paths laid out for them by men with longer 
heads and clearer conceptions of real improvements, 
doing their daily round of duty to the best of their 
ability ; and such work is of as much importance in its 
way as the most profound inventions or discoveries of 
the day. If the following pages are of any assistance 
in making the duties of enginemen less speculative 
and more pleasant, because of their having helped to 
explain or make more clear the vaiious offices of the 
different parts of a steam engine, the efforts of the 
writer will not have been in vain. 

Savery'$ Engine . — In July 1698 a patent was 
granted to Thomas Savery for a steam engine, which 
he described as an “ engine to raise water by fire.” 
The working of the machine will be understood from 


K 



Fig. 21. 


the diagram, fig. 21, which serves to illustrate the 
principle without going into the details of its con- 
struction. 

Steam is generated in a boiler, a, passing thence into 
a receiver, n, which communicates with a pipe, h k, 
leading from a w ell or river below the level of the 
engine to a reservoir or tank overhead. Tw’o valves 
are placed at d, b, each opening upwards, whilst at f 
is a pipe furnished with a cock, which, when opened, 
allows a spray of cold water to play upon the receiver 
for the purpose of cooling it. ^e action is as follows. 
The valve o being opened, steam rushes from the 
boiler, expelling the air from the receiver and driving 
it through the valve x. The receiver being filled with 
steam, the valve c is closed, cold water is turned on at 
F, condensing the steam in the receiver and lowering 
the pressure therein. The pre^ure of the external air 
at H forces a quantity of water up the pipe h, through 
the valve n, and into the receiver b, nearly filling the 
latter with water. Steam is once more admitted into 


the receiver ; and this time has the effect of forcing 
the water which it contains through the valve e and 
upwards towards the reservoir, as it had previously 
forced the air. The cock f is again opened, which by 
cooling the receiver causes a fresh supply of water to 
fiow in, and the operation is continued as before. In 
the actual engine two of these receivers were employed, 
one being filled and the other emptied at the same 
time, thereby keeping up a continuous stream of water 
pouring into the reservoir. 

Experiments made with this engine at Manchester 
proved that it was a very expensive and extravagant 
one to work, the loss of heat being very great, and the 
consumption of coal enormous in proportion to the 
amount of work done, being at the rate of about ten 



times tne quantity now used by modem pumping 
engines to perform the same work. 

It was soon found that engines constructed on this 
principle were wholly inadequate to the needs of 
pumping, especiaUy in mines, where the water had to be 
raised from a great depth. The pressure and supply 
of steam required for such a purpose would be great- 
far greater than the steam generators of Avery’s 
time could bear. It therefore remained for others to 
improve and re-construct. 

, Newcomen's Engine . — In the year 1712 an engine 
was set to work at Wolverhampton by Thomas New- 
comen, which possessed many features of the modern 
beam engine. A beam was balanced on its middle point, 
and to one end were attached the pump-rods, whilst 
the other was attached by means of a chain to the 
piston-rod of the steam cylinder. 
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TXGHXICAL FACTS AITS FIGUBES IV 
OCCASIONAL NOTES. 

Bicbbaoino the Vabioits Depabtmbnts of Tbchhioal 
A m) Industbial Wobk, such ab Mechanics and 
Hachiks Design and Conbtbuction — Building 
Design and Constbuction— Oenebal Manufactubes^ 
AS Textile and Metal— Applied ob Manufac- 

TUBING CHEMISTBY — INDUSTBIAL DeCOBATION— 
SANITABT ENGIKEEBING— OABDEmNG AND BuBAL 

Mattebs— Miscellaneous. 

149. XaiilagB, eoatidered in relBtion to the Value of ite 
Ptoduee ai a Pood for Pam Lire Btoek (see Note, 
p. 302, Vol. II.). 

That class to whicli reference was made in our last 
note, who always seem much more intent on finding out 
the weak, or suggesting the possible or probable weak 
points of a new thing, than on finding out the good 
points, amongst other objections which they liave 
to silage as a food, have stated that its tendency is to 
produce costiveness in the animals fed upon it. That 
this may have been, has indeed actually been observed 
in one or two cases, we do not doubt ; but we know 
enough of the pi^actice of feeding of stock to assert 
that careful inquiiy and observation should have 
been given to the question — ** Was it the silage food 
which did actually produce the effect for which it 
was blamed 1 ** When a new food is given, and a 
certain effect is produced, it is natural, we confess, 
to decide at once that it has been brought about 
by the new food. But a more careful, and in itself 
a more just and scientific way, is to consider the 
position all round. And if this be done, it will often 
be discovered that the effect was not dependent, at 
least wholly, upon the new food. And on this par- 
ticular point it is only right to say that all scientific 
analogy, and indeed all practica} experience, goes to 
point out that the tendency of silage, being a fer- 
mented food, in place of being towards costiveness, 
would be looseness of the bowels. As for us, we 
should have no fear in using silage in either of these 
directions ; indeed, so highly are we inclined to think 
of it as a feeding substance, that we consider that 
not the least valuable of its characteristics is just this 
one, that by its careful, thoughtful use, a great power 
can be had by the feeder in adjusting, so to say, the 
action of the bowels of the animals he feeds. The 
relative action in this way of different classes of foods 
has not been studied enough by feeders of farm 
stock. 

In concluding this important section, we have 
to draw attention to a fact, and to inculcate a prin- 
ciple, which conveys a warning to those who may 
contemplate making ensilage an integral part of 


their farming system. The fact is one which bears 
in a very practical way on the point of the practical 
value of silage as a food for stock. And it is thip. 
That the experience of all those who have tried 
silage systematically is wholly in favour of its great 
value ; and that the great American authority on the 
subject, who has done more with it and in making 
known the principles and practice of ensilage than 
any other man, has given most abundant and con- 
vincing evidence of the feeding value of its produce 
to all kinds of stock. We only wish that space 
permitted us to give an abstract of what Mr. B^ey 
has published on this specific point. 

The warning which in conclusion we offer to the 
reader, who is careful to read much of what has been 
recorded on the experience of feeders in the use of 
silage, is this. In looking over such records — to 
which may be added, in listening to the vivd~voce 
statements of different parties who have tried the 
system — various discrepancies, and not a few absolutely 
contradictory statements, will be met with. So 
thoroughly antagonistic and irreconcilable ai*e some 
of these, that one is apt to doubt the honesty, at 
least the accuracy of statement, of one or the other 
of the parties concerned. In looking at the matters 
however, from the only correct point of view, such 
discrepancies, and even absolute contradictions, are 
easily enough explained and reconciled. That the 
facts of each case are honestly and fairly stated there 
can be no doubt, but it does not follow that all are 
named, nor the exact conditions and circumstances 
of the trial stated, or if so, with the ease and the 
absolute precision u^essary to make the statement 
of experiments truly valuable. 

It is not given to everyone to understand the exact 
principle upon which all experiments depend, nor 
what is to be done to apply it in such a way as to 
make the results of practical value. And even when 
the principle of the experiment is understood, and ap- 
plied judiciously, and with every care to give its accurate 
results, accuracy is not always secured. And although 
in all cases the fact is, or seems to be implied, that the 
experiment has been made to test the new substance 
or process with an old and established one — there are 
in some of the cases not even the first elements of a 
truly comparative experiment present. We are simply 
told that the trial of a certain kind was made and with 
certain results, and that these results were different 
from others obtained in ordinary practice. But what 
that ordinary practice was we are not informed. And 
even where the conditions of a comparative experiment 
are in so^respeot fulfilled, others are neglected as of 
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BO moment, or a certain element ia discarded as of no 
value; whereas it is just as possible a thing as not, 
that these were the very points on which the value of 
the experiment turned and depended. Experiments 
to test the value of one substance as against that of 
another must be comparative ; and to make a compara- 
tive experiment valuable at all, the two experiments 
must be made under precisely the same conditions ; 
otherwise, so far as comparison may be concerned, the 
trial is worthless. If one wished to test the economical 
value, say for example of two steam-engines, one 
would scarcely consider the test to be of much value if 
in addition to two different kinds of fuel unlike qualities 
of each were consumed to raise the steam. Some will 
say that no one would do such a thing as this. But 
experiments %o called have been made with as singular 
a lack of Imowledge as this, and made moreover by 
scientific men who for the time forgot their science — 
in putting out the results of a trial of two like machines 
tried under the most unlike circumstances, as if they 
had been obtained by a trial rigidly conducted under 
like conditions. 

To arrive at a just conclusion as to the value of a 
food as compared with another, care in experiment- 
ing is even more required than in many scientific 
experiments in other, and what appear to be more 
difficult circumstances ; and if men of science accus- 
tomed to experiments, or who ought to know the logical 
conditions of such, faD, it is not to be wondered at that 
some farmers fail also in making their comparative 
experiments of real trustworthy value. And the 
conditions of a trial whore animals are concerned are 
of a very complicated character. Where life and all 
the peculiarities of the living animal come into play 
as factors in the calculation, points to be of any value 
re(j[uire to be carefully watched and attended to, and 
allowances made. As above stated, a comparative ex- 
periment, to be of any value at all, must be made under 
the same conditions on both sides of the trial. If to 
test the relative values of two foods, two different lots 
of animals are used, and the^e placed under different 
conditions, the trial or experiment is comparative only 
in name, and gives nothing to test the relative values 
of the food. It will show what one food will do with 
one set of animals, another food with another lot. 
But on/y this ; for the reader will perceive that the 
nexus or chain which should connect the two foods 
is wholly wanting, there being literally no connection 
between them. 

Still further, as bringing into all experiments with 
animals fed on certain substances these elements 
which give rise to the discrepancies, and even absolute 
contradictions, we have alluded to, are all those 
elements connected with the crops themselves which 
constitute the foods used in the experiments. Silagfe, 
for example, is not a substance of a precise or definite 


quality,— and this even when it is composed of the 
very same erqp. The crop of one district may be, and 
is likely to be, different in value from the same crop of 
another district ; and even where they should happen 
to be alike, the way in which they are put into the 
silo will bring about a material difference in the feed- 
ing value of each. And if to those elements of un- 
certainty all the other elements of a like uncertainty, 
connected with the way in which the food is given to 
the animals, the peculiarities of the animals them- 
selves, and the conditions or circumstances under 
which they are during the period of the trial, one 
may easily conceive how difficult it is to decide that 
the value of a trial made in one is to be the value 
of one made in another district. So far, then, as 
the value of the ensilage process is to be ascertained 
for feeding purposes, it appears that with a substance 
round which so many elements of uncertainty are, so 
to say, clustered, the farmer must decide for himself 
by such experiments or trials as he himself can 
institute. And if some thought be given to what 
the experiment should be, and some time and care 
devoted to its details, there should be no difi^lty 
either in the making of them, or in the drawing out 
from them such lessons as will be of real practical 
utility in connection with the use of silage for feeding 
purposes. All this no doubt demands care dbd time ; 
but if either of those be grudged, it w ould seem that 
the farmer has quite mistaken his vocation — has 
overlooked the first and essential element which goes 
to the securing of success in any business, no matter 
w hat its special nature may be. 

But while the uncertainty, which w^e have above 
alluded to, exists, and judging from present circum- 
stances will alw’ays exist, as to the precise or absolutely 
definite value of silage, it should be remembered 
that this is no .valid reason for throwing any doubt 
upon its practical value as adding largely and most 
efficiently to the feeding substances of the farmer. On 
the contrary, it should be an incitement to make less 
doubtful — if that by care and by experiments be pos- 
sible— w’hat is at present to a certain extent indefinite. 
Enough is known beyond all doubt to prove that 
silage, where ensilage has been well carried out, is 
highly valuable as a feeding substance. And it rests 
with the farmers to discover the best modes by which 
it can be well carried out. Nor will it, or rather 
should it, in any way affect the practical position of 
the farmer in relation to the value of silage as a cattle 
food, if after experience over a wide area it should be 
shoVn tl^at the analytical or scientific value of silage 
made from a certain farm produce is only applicable 
to that particular case, and cannot be taken as 
indicative of its value, although made from the 
same crops, if made or siloed by another farmer 
Ensilage considered as a general feeding substance 



TECHNICAL FACTS AND FIOCRES. 


28 

may not find a place in tables of feeding stufik, with 
a definite value attached to it; bub that need not 
oonoern the fanner very much, if indeed it concern 
him at all, since he knows that his silage does ad- 
mirably well for his stock. Nor need it tt*ouble 
him very much, if at all, that the good results he 
obtains with it in fattening his bullocks for the 
butcher, or in increasing the milking capabilities of 
his cows for the dairyman, are not endorsed by the 
experiences of another farmer or of other farmers. 
For if he knows his business well, he knows that 
the real practical value of food of any kind — and 
silage is no exception to the rule — is affected, and its 
feeding value influenced very much, by various circum- 
stances connected with the animals themselves, and 
by the way in which they are specially or generally 
treated. ^1 those points have to be considered, and 
they carry with them the necessity to attend to a 
great number of details where silage is the food con- 
cerned, — a necessity just as much to be attended to as 
where other and ordinar}” foods are used. 

This last consideration brings us to note the position 
which silage — and this term the reader will remember 
is that which denotes the produce preserved in the 
silo — is likely almost certainly only to occupy. It will 
not occupy the position of a food or a feeding sub- 
stance per ae, or by itself alone, such as a certain grain 
or a specified root occupies. Its real position is, we 
believe, this : that it is to be looked upon and used as 
an adjunct to other foods, and those of the ordinary 
kind, accepted by all as the staple feeding substances 
of the live-stock farmer. All experience hitherto 
obtained leads to this as the definite or ultimate con- 
clusion. Its highest value will, we believe, only be 
obtained when it is judiciously mixed with other foods. 
Such experience as we had with the food we preserved 
in pits, elsewhere described in this section of our work, 
went altogether in support of this view. As will be 
seen from what has been elsewhere said, we have a 
great faith in the method of giving mixtures of 
different kinds of foods to farm stock. From such 
experience as we have had, from what we have known 
of the much wider experience of others, and above 
all from what physiology ^s to teach us on the point, 
we are impressed with the value of variety in food. 

And if there be one class of farm stock to which 
this principle of feeding is possessed of more value 
than to any other, the class is that of dairy cows. 
Again and again have we observed that where there 
has been a falling away of the appetite, at least a 
lessened zest in partaking of the food — which zest 
is always a good indication of the condition of a 
milking cow — we have, by simply changing the food 
(that is, by introducing variety into the feeding), 
brought back the appetite, or rather the zest with 


which the food is taken. For, other drcumstanoes 
being equal, this sharpness of appetite is an essential 
in good milk-giving cows. We do not by this mean 
an absolutely voracious appetite or desire for food ; 
but any one who has closely watched the habits of 
dairy cows, or method of fattening stock of any kind, 
will know what we mean by this. We can, if we 
like, get a good lesson or two on this point from 
our own personal experience, or from that of our 
friends. And it would be a good thing for all dairy- 
men if they became impressed with the truth that, 
physiologicdly, cows are the same as ourselves, with 
tastes and likings as to food just as strikingly 
developed. And there are but few of mature years, 
possessed of any powers of observation and thought 
at all, who have not become convincec^of the value, 
from a health point of view, of changes of or variety 
in food. Of course this system of feeding is one 
which demands not only more time and attention, but 
the exercise of more thoughtful cai^e and observation, 
than the old humdrum method of giving the same food 
from day to day; and attention is grudged by not 
a few, while many who do not care to think, or to 
observe, have not apparently the mental power to do 
either the one or the other. But where one has a 
pride in doing one’s work well there will be found 
ample scope and room enough for the exercise of both 
faculties. We have ever been profoundly impressed 
with the fact that the most successful dairymen, and 
the most eminent cattle-breeders, have always been 
distinguished by the close study they gave to their 
animals, and the care with which they carried out 
methods of treatment founded on the results of this 
thoughtful attention. And, say what the careless 
and indifferent will, the fact remains nevertheless, 
that food, and all the points connected with it, is the 
very base or foundation on which all successful treat- 
ment of dairy cows depends. “ What goes in at the 
mouth is what comes out to the milking pail” is 
a proverb which conveys, if not the whole, the best 
part of the true principle of dairy-cow treatment. 
Now, silage, or the produce of silos, lends itself 
admirably to this principle of variety in feeding. 
It is presented in the form in which it can be readily 
mixed with other and ordinary dry foods; and for 
the preparation of mashes it is excellently adapted. 
But more than this. When a judicious system of 
crop culture is adopted, with special reference to the 
ensilage process, the crops and the silos or pits can 
be so adjusted that one silo can be devoted to one 
crop, another silo to a different one. This would at 
first sight appear to involve a recommendation that 
the variety of food we have insisted upon was to be 
obtained by using the silage in bulk — that is, trusting 
to it alone as the food to be given. 
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IBB SOXESnO HOV8B OB HOIOZ PIAVHEE 
OB DBSIOirEB. 

XHB WOBK of tbs YOUKO ABCHITBOT OB Bvxldbb is tbb 
P ssiosisa OF Houbes fob Tows asd Ooitstbt. 

CHAPTER IX. 

At conclusion of last chapter we stoted that much 
greater attention was now being paid to the planning 
of street houses than was at one time given to 
the subject. And this more ^stematic and fuller 
attention to planning displayed in the houses of 
a superior or of the highest class of street houses 


80 little of the attention of those interested in the 
general question of domestic sanitation has been given 
to the question of the improvement of the houses for 
the tradesmen and the middle classes, that practically 
it may be said that the question has as yet no existence. 
And yet it is simply the fact that if Idiere be a neces^ 
sity to improve the houses of the working classes — 
and this no one denies — there is as great a necessity 
to improve those of the tradesmen and middle 
classes. Some, indeed, who have experience enough to 
entitle their opinion to be received with grave con* 
sideration, assert that there is in fact a greater neces* 



Pig. 1 . 


may be attributed to the fact that their cost in- 
volves, on the part of their owners, a necessity to 
employ educated architects. In the case of the middle 
class of street houses, and specially of those im- 
mediately below them, their building has, as a rule, 
fallen into the hands of the speculative class who 


sity for improvement, and that as a rule the houses 
and cottages of the working classes are, with all their 
admitted faults, better adapted to meet their wants 
and their circumstances of living than are the 
houses of the tradesmen and middle classes to meet 
their necessities. Be this as it may — and there is 



** build to sell,'* and who are quite content to follow 
year after year the track, but all too well and 
tw long beaten, in which their predecessor have 
gone. So that in the latter class of street houses we 
may be said to possess but one stereotyped system or 
method of planning, 

A dtiMral XmproviBMBt Bsosssary not only in Honsos of tho 
Working but in ihoso of tko lUddlt Olauts, 

It certainly is a curious feature of our social 
economy that, while so very much has been said as to 
the improvement of the houses of the working classes, 
VOL, lit. 


a greater amount of truth in it than many may be 
disposed at first view of the case to admit— -certain 
beyond all doubt is it that there is vast room for 
improvement in the classes of street houses which are 
in^bited by the tradesmen and middle classes. Of 
those, especially in the Metropolis, designed or, as we 
should rather put it, constructed or built for people of 
moderate incomes, it may, without almost any exag- 
geration, be said that their main characteristic so far 
as planning is concerned is their lamentable deficiency 
in all that is oaloulatad to afford comfort and to add 
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to the conveniences of household life. We say nothing etatroase’’ leading to the one • pair plan ” or 
here as to what they possess in the way of sound first fioor’’ (third stor^, fig. 3), in which the 
construction or of heathy sanitary anungements. Of letters a a indicate the bedrooms,*’ b b the ** dressing- 
but too many of them it may be, with idl truth, said rooms,** c c linen closets,’* dd landing ** at foot of 
that those they scarcely possess at all. stairs, leading to the ** second floor *’ or ** two-pair 

Suggestive Plans ef a Street House ea tlM Hnglish System ” (fourth storey or floor), shown in fig. 4, in which 

of Separate Houses. the letters indicate corresponding parts on fig. 8, the 

In lUgs. 1, 2, 3, 4, 6, and 6, we illustrate the one-pair plan.** Vig. 5 is front elevation, lowing 
street, house on the IbigUsh detached house system a block of four houses; fig. 6, back elevation, of which 
adopt^ for streets or for suburban roads, and we the details will be given further on when we describe 
contrast those with a house on the Scottish ** fiat ** or details of houses. Other examples of street houses 
one>fidor house ** ^stem in figs. 8, 9, and 10, and on the English system will be given hereafter under 



Fig. 8. 


further illustrated in other plans presently* to be difierent classes. Fig. 7 is the scale to which figs. 1 
described. to 6 are drawn. 

i 

> And first let us describe the figures illustrating the 

street house on the English, or separate, or complete Soottisli Style — or Flat Byitem — of oonitruotiiig Street 

house system. The (teign select^ is for a house of Houiei. 

three storeys or floors,** as they are da<dgnated Apart from the details of the plan by which the 



Fig. 4. 


technically. Fig. 1 is the basement or eeUar floor accommodation of street houses is arranged to suit, or 
(first storey or floor), in which the letters a a indicate not to suit, the real and the absolutely necessary con- 
the kitchen,** b b the ** scullery ** and ** wash- yeniences and comfort of household Ufe, the principle 
house,” with copper or boiler and slop stone or or system followed in the constructive arrangement of 
sink at window, c the ^^coal place,** d the knife the accommodation, although it may be said to be 
and boot-deaning closet,** c s larder or store closet ** universal in our country, in reality does not exist in 
at foot of stairs leading to ground floor, ff ** china an important part of it — that is, Scotland. There 
closet,” a store closet in scullery or wash-house, exists in that country a system of construction wholly 
Fig. 2 is the grotmd pliin (second stoi^ or floor), differentfrom that adopted universally in England, and 
in which the letters a a indicate the ** entrance of which the most handsome examples are of course 
hall or lobby,” b b the “ parlour or sitting-room,” met with in the Metropolis. It will be necessary to 
c e the ** drawing-room,” d water-closet, e e space for. go i^ewhat into detail as to these two qrstSms of 
folding-doors between sitting and drawing-room, // str^ house construction. 
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TBE BTJIZiBIHa AJb THE MAffBim 
BBAVGHTBMAH. 

CHAPTER XIV 

At the end of last chapter we stated that the interior 
disposition of an object may necessitate several sections, 
bo^ horizontal and verticil. Thus, in horizontal sec- 
tions, we might suppose a body to be made up of a series 
of layers superimposed one upon the other. Thus, the 
projection in ^ r s hg. 27 ante, might be the section 
of one part taken on the line i j — the sections of 
the other parts taken on lines parallel to ij; show- 
ing the peculiarities of internal arrangements as in 
the diagrams a b c d, ef g h, and ij k I, in fig. 28. 
The same peculiarity in construction of the object 
projected at abode/ g, fig. 27, might characterise its 
width or breadth in the direction c d, the block being 
made up of a series of vertical parts placed and secured 
together face to face, each part having its own peculiar 



Fig. 28 . 

internal arrangement, one of which is shown at m n op, 
the other might be arranged as in the projections in 
fig. 28. The two classes of section now described are 
aU taken longitudinally, or in the direction of the length 
the object, as a b e d ef g, 27. We now come 
to the third class of section, taken transversely to this 
direction or across the breadth or width of the object, 
as in the direction of the line k I, fig. 27 ; the 
sectional or catting line extending in the direction at 
right angles to this — that is, in a vertical direction. 
Sections of this kind are of great practical utility, 
as showing certain peculiarities in bodies which could 
not be shown in one or other of the sections we 
have already described. GDhus, while the horizontal 
fidctdon or sectional plan in projection abed, 
fig. 28, gives the peculiarity of the hollow port <«* 
y^cuity, so far as the horizontal face of the section 
is eouomied, it gives no data whatever as to what 
is the tom or measurement of the part as it exiets in 


relation to the depth or height of the block or body in 
the direction of the line of, fig. 27. What this map 
be will be seen if we suppose, as before, the body ab e 
d e / g, fig. 28, to be cut by a line k I ID, into two 
parts removing the left-hand part, we have the face 
or end of the second part: exposed. This might pre- 
sent the appearance as shown in the projection abed, 
fig. 29, or it might be as in that at e f g h, or at 
ij kl. Or all these peculiarities might exist in the 
one block by supposing, as before, that its lengtb,a8 a d, 
fig. 28, was made up of a series of parts planed and 
secured together face to face, each part having its own 
shape or form of its vacuity or hollow space as shown 
in the diagrams in fig. 29. Those sections being taken 
in lines transversely or across the breadth or width of 
the block or body, as in the direction k 1 10, or at right 
angles to the line g f, fig. 28, they are termed or 



Fig. 29. 


titled by the draughtsman “ transverse ” or “ cross 
sections ; thus the section a 6 c <f, in fig. 29, would be 
named a “ cross section on the line k I 10 ” (figs. 27, 
28), or a “ transverse section on the line k I 10.’* 
And as the cutting line is vertical, some draughtsmen 
would use this woid, making the title a transverse (or 
cross) vertical section on the line k 1 10.” 

All the sections given in figs. 27, 28, and 29, 
are shown projected in the conventional perspective 
mode of delineation which we have adopted, as this 
givee the most graphic illustration of certain points 
essential to be remembei^ in acquiring a knowledge 
of the principles of projection. But as we have already 
in general terms fsUiei, and as will be more fully 
explained further on^ ** working drawings” are not 
prepared in any method of pictorial representation 
which perspective gives, but are all delineated or 
projected in right or straight lines parallel to, or 
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oblique to, or at right angles to one another, on 
flat sorfaees known as jdanes of projeodon. And 
althougl^ these planes are in relation to each other as 
illustrated in flg. 26 — ^that is, vertical and hoiisontal — 
still in practice they are spread out on a flat surface 
as in flg. 26. This is further illustrated in flgs. 27, 
28 and 29, and in fig. 30 — ^the projection in the latter 
figure being executed or delineated in the usual style 
adopted in the preparation of working drawings. Thus, 
in fig. 30, a i 0 d is the projection of face of section 
of the block or body m n o p in fig. 27, when the 
latter is looked at in the dixection of the arrow 2 ; 
efg A, fig. 30, is the projection of the face of section 
in 9 r s t, fig. 27, when looked down upon in the direc- 
tion of the aiTOw \ \ %j kl^mn op, qr $t, fig. 30, 
the pxojection oi ah ed,€f g h, ij kl,m fig. 28, when 
looked down upon in the direction of the arrow 2. All 
these are longitudinal sections; the diagrams in u, v, 
and to, fig. 30, are projections of the diagrams in 
fig. 29, which are all cross or transverse sections, as 


in drawing and designing, we would coonsd Um not 
to be led away by any such notions* We can assure 
him that, so far from gaining, he will but lose time 
by thus skipping over the simple subjects which are 
strictly essential to the understoding of the ditScult 
ones. And if, as is the case with most beginners, who 
are too often eager to try their hand on complicated 
subjects, he will rush on to these, he will find that he 
will have to retrace his steps, and this at the loss of 
much time. For he will find that he has thus much to 
unlearn, which might have been avoided 1:^ going on 
from simple to difficult subjects, step by step. The 
importance of being able to do simple work, to under- 
stand first principles in acquiring knowledge of any 
kind, has been pretty well enforced by the author 
of the paper under the head of ^^The Ornamental 
Draughtsman.’* To this, therefore, we refer the reader, 
only informing him here that, simple as the subjects 
are which are now about to be given, each one of them 
has been designed to serve a special purpose, all leading 
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seen in looking at them in the direction of the 
arrow 3 in fig.' 27, or arrow 1 in fig. 29. 

Those projections in fig. 30 (see also figs. 24 and 25) 
are termed plane projections or projections in planes ; 
and the various projections required to show the 
arrangement of parts and the construction of any 
given object, while drawn or delineated or pro- 
jected on a flat surface, as a sheet of paper, are 
placed in certain relations to one another, so that one 
will elucidate the parts of another. This principle 
in projection or drawing has been partially illustrated 
in fig. 26. But we now proceed to more fully explain 
it, as upon its due understanding depends the effidenc^ 
or otherwise of the architectural and engineering 
draughtsman. To the beginner the subjects now to 
f dlow under this head may appear so simple that he 
may consider himself quite justified in skipping them 
ever in order to get at the more complicated subjects 
to be given, as explained in the plan of our papers at 
end of Chapter 1. This may appear a gain of time to 
him ; but if he wiU be influenced by the experience 
whkb has extended over many years of practical work 


up to the more special ar.d difficult subjects which will 
make up the master of future chapters. 

The first example in further elucidating the practice 
of projection illustrates how the object is project^ from 
given dimensions. The diagram in fig. 1, Plate OLYIl.^ 
is supposed, at a 6cd, to be the plan of the bottom of a 
box, the length of which is to be made equal to the line 
ef, the breadth or width to be equal to the line g h, and 
the depth from top to bottom, or height when standing 
on its base, to be equal to the line ij. The elevation of 
the Bide> looking at abed in the direction of the arrow 
k, is shown at Imno, the end elevation at q ret. 

In the preceding chapter we gave illustrations of 
how the diflerent views of an object are projected m 
diffierent planes, those being shown in a conventional 
perspective, so as to make clear the relation in which 
the planes of projection stand to each Other. We also 
gave illustrations explaixiing the varieties of views of 
objects required when the objects are to be constructed, 
whi^ views make up the series to wbioh the general 
tenirof ‘^pians” is applied, et more precisely Md 
l^enerally, working drawings* 
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How thone different projeotions are obtained on a 
plane aoxlaoe, we now show* We aasume, of course, 
that the youthful ^draughtsman ia provided with all 
the appliances and instruments we have described in 
Ohi^ters 1« and II. ; and that he has fixed to his 
drawing*board a sheet of paper of such dimensions in 
surface — that is, in length and breadth — as will give 
h im << ample scope and verge enough ^ for the execu- 
tion of his work. On this latter point be must under- 
stand that he is to project his different views of the 
objects of the following illustrations to a very much 
larger scale (see a succeeding chapter for descrip- 
tion of scales for drawings,'* and the methods of 
using them) than that we give in our pages. We 
make our illustrations as large as possible — avoiding 
the painfully minute diagrams so frequently employed 
by some writers on technical subjects — still it is obvious 
that the size of our page and the demands made for 
space where so many subjects, all elaborate, as a rule, 
in character, are treated, will alike limit us to a size of 
drawing very much less than, under other circum- 
stances, we would but too gladly have adopted. Where 
the lines and their cutting or intersection are numer- 
ous, the scale or size of the drawings projected by the 
young dmughtsman should be much larger than when 
the subjects are more simple — that is, possessed of 
broader lines, and those less frequently cutting or 
intersecting each other. 

BEaving adjusted his T -square to the drawing-board 
so that its blade runs along the length of the board 
from the right hand, at which the head or stock is 
placed—- the draughtsman is first to draw, at a con- 
venient point on the sui face of the paper, any line of 
indefinite length, as h c, fig. 1, Plate CLVII. Taking 
the distance e/in the compasses, it is set off from any 
convenient point, as 5 in this line, to the point c. Then 
taking the “ set square ** (of 46°), he adjusts it, as 
shown by the dotted line to, to the upper edge of the 
blade of J-square, shown partly, and draws along 
the end edge of the ^'set square,” which is made to 
coincide with the point c, any indefinite line, as 0 d . 
Sliding the set-square along the blade of the T -square 
till the line or edge of end coincides with the point 
6, a second line of indefinite length is drawn from the 
point 5, as 5 a : this will be parallel to the line drawn 
previously from c, as c d. Taking the distance ^ A in 
the compasses, this is set off from the point c to d. 
Then shifting or moving up the T-square till the 
upper edge of its blade coincides with the point a, 
a line is drawn from a tow^ards line d c, cutting it 
in the point d. The outline or surface thus drawn, 
as a 6 0 d, is the projection of bottom of the box — 
which is technically termed a plan of bottom,” and 
is a delineation of this, as given in a horizontal plane 
of larajection (see figs. 16, 18, and 19). As the 
dimensioiiB of this plan ate equal to the distances 


s/, g hf and those are capable of being measured 
from any scale of ^ual parts, as that invariably 
adopted by artificers — namely, the scale of feet and 
inches and parts of those, — ^in place of having lines 
given him, as 0 /, g A, the Imigth of those in feet and 
parts of feet (i]^es), or in inches and parts (eighths 
and sixteenths) of inches, might be written out as 
data for the young draughtsman — as in this case the 
dimensionB or length corresponding to s/jjr A in fig. 32 
might be too great for the sheet of paper to contain, or 
conveniently contain, the drawings projected — a ^^scale ” 
would have to be adopted. The practical points in- 
volved in this term scale, and how they are carried out 
in practice, will be explained in a future paragraph. 

Proceeding with the projection of the drawings of 
the box, to be given as in fig. 1, Plate CLVTI., we 
have, in the projection of ** plan of bottom,” data 
which the other views or projections are obtained (see 
fig. 26 and accompanying description). Thus the side 
elevation ” at ^ m n 0 is obtained by producing from 
points a d lines parallel to one another and at right 
angles to 6 0 , cutting a line I m, which is drawn 
at any convenient point on the paper above the line 
a d, in the points I and m. As the upper edge 
of a drawing-board, placed on the desk or table for 
working, is technically called the ^‘top,” any point 
over a given line drawn on the paper on its surface, 
as a d, is said to be above ** the line. 

From the points I and m draw lines perpendicular 
to I m, as m n, f 0 , and make these e<iual to the line 
ty, in m n I 0 . Draw through points 0 n a line 
parallel I m or ad. The elevation I m n 0 oi 
side of box will be obtained, as looked at from the 
direction of arrow A. The object being rectangular 
(see The Geometrical Draughtsman ”), the elevations 
of the two sides will be the same as at f m n 0 : as, 
for example, the elevation of the side a d, looking at 
it in the dii'ection of the arrow p, will be the same 
as at ^ m n 0 . 

As the plan of bottom, ab e d^ has thus afforded 
data by which part of the dimensions of the side 
elevation,** Imno^ has been obtained, so will it give 
further data useful in the projection of the ^^end 
elevation ** at q r 9 1 in fig. 1, Plate CLVII. This is 
obtained by first drawing a line of indefinite length, as 
q at any convenient part of the paper surface on 
the board, and parallel to c d or a b; and thereafter 
producing the lines a dj be, till they cut ^ < in the points 
q, t, and proceeding as in the finding of the elevation 
I mno, .the distance qr or t 9 being equal to that at 
ij. We have thus three views of the object projected, 
which would be quite sufficient for an artificer to work 
from in making the box, so far as its external form 
or configuration is concemed. But the box might be 
so formed that another view would require to be 
projected* 
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THE fSCmnCAL BTUBBErS lETBOBirOTIOE 
TO THE OSHERAL PB1ECXPIE8 OE 
XEOHAEICS. 

Lavi ASTBomo Natcbal Fbbnoiibma— Mattes axs 
Motxok. 

CHAFTER XVin. 

At the end of preceding chapter we pointed out how, 
in the case of a man receiving the blows of a heavy 
hammer through the medium of an anvil resting on 
his chest, and in the case of the foundation of a steam 
hammer receiving its ponderous blows, the force or 
the momentum the blows was diffused, so to say, 
through the mass, so that the velocity was reduced to 
a mere tiif e. The elasticity of the muscles of the 
chest of the man in the one case, and the fibres of the 
foundation of the steam hammer in the other, render 
it practically innocent of danger either to the life of* 
the one or the mechanism of the other, which would 
be endangered in both instances were not means taken 
to bring into play the influence of time and space. 

But much as has been given in this present general 
paragraph on the subject of momentum, there are 
still points connected with it which, having outcomes 
or results of great practical importance, must be 
noticed. These are so numerous that they might be 
explained in a special or single volume, or in a much 
more elaborate classification than our comparatively 
biief paper admits of ; but we shall pursue the method 
which we hare adopted, of taking the subjects as closely 
as possible in what may be called the natural sequence 
— that is, considexing some new point as it seems to 
be connected with or comes out of the consideration 
of the last treated of. In this way, as it will be 
perceived that we have just made frequent reference 
to the eflect of falling and moving bodies, as what 
may be called striking forces, or what in popular 
language are termed “blows,” we shall proceed to 
explain what we have yet to say on points in which 
momentum is concerned in a series of paragraphs, the 
first of which has the title of 

Impact •-Blowi.-^-CoAoiiislon. 

When a falling body comes in contact with the 
ground — a hammer comes in contact with the body 
struck, as a nail — or a weight, as the monkey of the 
piling engine, strikes the head or cap of a pile^in 
the popular language the ground, the nail or the pile 
is said to receive a “ blow ” or to be “ struck,” and the 
eflect in general terms is described as a “ concussion.” 
In technical language the term employed to designate 
the act of two bodies coming in contact, or rather the 
eflbct'of a force, is In pursuance of our 

usual plan, let us see what notion of these terms, or 
the conditions rather which they indicate, can be 
derived from an examination of the meaning or 
derivation of the words. Take the last named first-^ 


impact.” This is derived from two Latin words, 
in and paaitm, and this from the verb pangere^ to 
strike or drive. Impact may therefore be d^ed 
as the driving closely together of two bodies, or 
that condition which arises from one body striking 
another. When the condition known as impact exists, 
there is another term frequently used to denote it in 
relation to two bodies — that is, the word “ impinge.” 
Thus, when two bodies are fixed together, or come in 
contact, the one body is said to “ impinge ” upon the 
other. The term is, in effect, but another form of that 
of impact, and is derived from precisely the same 
Latin verb, pangere, as above named. The one body 
which is struck receives what is called the “ blow,” and 
the result in popular language is, as noted above, said 
to be a “ coimussion ” between the two bodies. This 
latter word is derived from the Latin word con- 
^cuwio, from concutere, concuemm, and those from 
the two words con, with, q^mtere, to shake. So that 
the result of a concussion is the act of being (so 
to say) shaken, the bodies receiving what is both 
technically and popularly termed a “shock.” The 
term “ collision ” is used generally to denote the action 
of two moving bodies coming in contact.with each 
other violently, so that it may be said that the result 
of the collision was a “ concusssion,” “shake,” or 
“ shock,” which broke up the bodies or more or lees 
damaged them. 

OoUisioxit. — Bhoeki.^Blowi. —Stroke!. 

The word “ collision ” is derived from two Latin words 
— con, with, and Icederej to shake. So that a collision, 
defined as the act of striking together, is the cause, 
while the concussion is the effect or result. The 
word “ shock,” which is the effect of a collision, is 
derived from the Danish scfiok, the French form being 
eJioc, a leap, or thb shake caused by a “ leap,” leaping 
from a high place or distance giving the sensation 
to which we apply the term “ shock.” 

The word “ blow,” denoting the effect known as a 
stroke, which is the result of the act of striking, is 
derived from the German word hliggan, or, as some 
hold, from the Latin plega. The word “strike” 
itself is derived from the German streichen, signifying 
the touching or holding a body with some force. 
Other etymologists refer the word to the Anglo-Saxon 
Btriecemf which of the two seems to us to be the more 
likely. The word “ stroke,” which is the result of the 
act of striking, is derived from the same source or 
sources above named. Further, when we say that an 
object is “ hit,” we mean that it has received a stroke 
more or less strong from a body thrown or projected 
against it; and the word itsblf is derived from the 
Anglo-Saxon hettan^ to strike at, or to reach some 
bod;^t a greater or less distance. 

TK young reader will, as he proceeds, find that he 
can learn much from the deriva^ns of terms or words 
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in «iioh frequent me as we here have glven^ tending 
to make more quiddj clear certain phenomena of 
moving bodies now to be noticed, and in connection 
irith which much of what has been given in preceding 
paragraphs must be considered by him. 

Zmpaet.— Ceatast of Koviiig Bodies. 

The effects or phenomena of impact/’ arismg 
from the coming in contact of two bodies, may be 
illustrated by first supposing the bodies to be moving 
in the same direction, and secondly, to be moving 
in opposite directions. And here, ^fore giving our 
examples, it will be well to give the derivation of the 
word we have now used — ** contact,” as it is one con- 
tinu^y turning up in mechanical description. It is 
derived from the Latin word eantaotue, and this from 
con, with, and tangere, to touch; thus, when the 
surfaces of two bodies touch each other, they are said 
to come in contact ” with each other. This contact 
may be so gently brought about that there is no 
obvious or perceptible change of condition or position 
of the two bodies. But the circumstances are very 
diffei^nt when one or other of the bodies has, or if 
both have motion, and that also according as they are 
moving either in the same way or direction, or in 
opposite directions. And here it is necessary to state 
that the phenomena attendant upon oases of impact of 
moving bodies are more or less influenced by what is 
called the condition ” of the bodies— that is, the 
nature and arrangement of their physical constituents, 
frequently spoken of as their mechanical condition.” 
This involves considerations connected with “hardness ” 
and “elasticity,” both of which properties of bodies 
will be described in future paragraphs. Meanwhile 
we assume that bodies are either absolutely elastic 
or non-elastic — which is, however, only an assump- 
tion here, and which in practice must be guarded 
against by the machinist, as there are in reality no 
b^ies free from elasticity — that is, absolutely non- 
elastic, on the other hand none absolutely or perfectly 
elastic. If two bodies, both of them free from elasticity, 
move on in the same direction but at different rates 
of speed or velocities, and one of the bodies overtakes 
the other— or, as we should say, impinges upon it or 
comes in contact with it — the force or momentum 
and the velocity of both or of the two bodies is the 
sum or amount of the force in each. If one of the 
bodies be larger than the other or of greater “ mass,” 
and it comes in contact with the smaller body in a line 
coincident with that joining their centres, the large 
body, which, possessing the greater momentum, is 
distinguished as the stronger, loses a portion of its 
momentum, while that of the smaller and weakmr 
body, disappearing, receives a portion of the force of 
the larger body, and both move with a reduced velocity 
or lower speed. Where a large body is at rest, and is 
impinged upon hy a smaller body which is in motion, 


the motion will be given to the larger body, but both 
move on with a reduced velocity or a lessened speed. 
Thtu, if we suppose that a ball weighing 2 lb., and 
moving with a speed of 20 ft. to the second, comes 
in contact with or impinges upon another ball, which 
is at rest, and which weighs 500 lb., the velodty 
with which the two balls will then move on will be 
found by multiplying the speed of the small ball by 
its velocity, which will give the divisor by which the 
sum of the mass or weight of the larger hall phu unity 
is to be divided : thus 5004-20= 25. When a ball of 
a hard and elastic substance, as ivory, strikes another 
ball of the same material with a given velocity, both 
balls being of equal size, the first or striking ball comes 
to a standstill, while the second or struck ball, or that 
which was at rest, moves or darts on with the same 
velocity or speed as the first or striking ball possessed. 
If there be a number of elastic balls, all of which are 
in contact with each other, all the centres lying in the 
same line and all the balls of equal mass, — and a ball of 
the same material and mass be propelled or drives up 
in the same line as the line of centres of the balls at 
rest, and acting as the striking ball, when that comes 
in contact with or impinges upon the first or nearest 
or “ struck ” ball, the last in the row or the farthest 
receives the motion, and darting off moves away in the 
same line and at the same speed at which the striking 
ball moved, while the striking ball itself and all the 
other balls would remain at rest. These instances are 
given as exemplifying the phenomena of bodies moving 
in the same direction, and where impact takes place ; 
but the latter examples of elastic b^es are illustra- 
tions of another law, to be noticed in the following 
paragraph. Where two bodies of the same mass or 
weight, but moving in opposite directions, come in 
contact in the lines of their centres, the shock or con- 
cussion arising from the collision is not that due to the 
force or momentum of the bodies, but is represented by 
the sum of the two ; or the shock or effect is doubled. 
This accounts for the difference between the painful 
effects resulting from one man who is running quickly 
coming up against or in collision with a man who is 
standing still, and those the result of two men coming 
in contact when both are running at the same speed. 
Hence the “ shock,” which the reader, bearing in mind 
what has been stated in a preceding paragraph, will 
see is the term used to denote the effect on momentum 
if impact is doubled; and if the speed of the two 
men, were unequal the shook would be represented by 
the sum of the two forces. Henoe also the shook 
would be the same to both, if both were running at 
the rate of four miles an hour, or if, while one was 
standing still, another man came in contact with him 
who was running at double the speed or eight miles 
an hour. This also accounts for the disastrous effect 
H the collision of two steam-vessels going in opposite 
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direetioD6| but at suQh slow speeds that one iguoraut 
of the law is surprised that so much damage has 
be^ done. But this damage or shook is in reality as 
the sum of the two speeds ; so that the vessels redeive 
individually as much injury as if while the one vessel 
was at rest the other came up against it at a double 
speed. Much of what has been said in connection 
with falling bodies in preceding paragraphs affords 
examples of the terms used in the paragraphs we have 
just given. 

lepalsioa. 

We have hitherto considered motion as tiie produc- 
ticm, so to express it, of the force to which has been given 
the name of attraction/’ and which has been con- 
sidered in relation to various phenomena and its general 
laws explained, and how it produces the different 
classes of motion known as ‘^accelerated” and “re- 
tarded,” and another class of motion that is curvilineal, 
yet to be noticed in a future paragraph. But it is 
obvious that if the only force in nature were that of 
attraction, the result would be that all materials or 
substances would simply rush towards each other, or 
be compelled, so to say, to form masses, and those again 
attracting each other, form still larger masses; so 
that, were there no other force at work or in existence, 
the result would be the formation of one solid mass of 
enormous dimensions, and that none of the phenomena 
we have explained as dependent upon the very force 
of attraction itself could be displayed. We know that 
t his condition, which pushed thus far is simply an 
absui’dity, does not exist, and that on the contrary, as 
we have different bodies of all varieties in mass, from 
the atom or particle of sand of the smallest possible 
sixe up to the huge rock, there must be. some other 
force in nature which brings those conditions into 
existence. To this force the name of “ repulsion ” has 
been given. It is derived from the Latin repeUere^ 
rtpuhufn, and these from the two words re, back 
again, and pdlere, to drive. And this force is 
defined as the driving of an object back which ap- 
proaches or attempts to approach another. The force 
of repulsion, although it acts in so subtle and unobtru- 
sive a way in what may be called the ordinary or 
normal or natural condition of bodies as not to be 
readily taken notice of — ^is indeed in t^e great majority 
of cases not made obvious to the senses — acts neverthe- 
less not merely in a potent way, but in one so almost 
universal that it seems to act in the case of all bodies. 
Indeed, if we consider that as all bodies are made up of 
particles and atoms in a descending scale of minuteness, 
all ^e atoms reach a condition of such infinite small- 
ness that the mind can form no idea of them as 
connected with the ordinary conditions known as size, 
buQc, mr dimension — this force of repulsion must 
exist in all bodies. If not, there would be no separate 
individuality, so to say, of the constituents or partid# 


of bodies ; for the force of attraction which would then 
only exist, would, as we have already said, bring ,ot 
cause the particles to cohere and form masses. So 
subtle, yet powerful, is this “force of repulsion” in 
normal or ordinary conditions of bodiei^ that it may 
be said with almo^ if not quite absolute truth, that 
there is no such thing as the existence of two bodies 
in actual positive contact. Thus, amongst his many 
investigationB and experiments, the great Newton 
found that a ball of glass resting upon a fiat surface 
or plate of the same material was so far indeed from 
touching it, that even a pressure or force applied 
to the ball equal to one thousand pounds per square 
iAch could not bring the two into actual contact. 
How powerful — yet so little evident to the senses is it 
that without the experiment no one could have 
imagined its existence — ^must this force be which 
could thus, as it were, keep the ball suspended in air 
under so great a pressure ! This force of repulsion, in 
what may be called its natural condition, exists so uni- 
versally, that a well-known writer on physios puts it 
in this way — “ that there seems to be a film of repul- 
sion, so to express it, covering the general surfaces of 
all bodies, and preventing them uniting in absolute 
contact, even when they appear to the human eye so 
to do.” This property or law of repulsion it is which 
places the various substances with which man deals in 
the industrial and constructive arts in those conditions 
in which it is necessary to employ special means to 
overcome it* Hence arise all the methods, some of 
them mechanical, some of them chemical, others a 
combination of the two, by which bodies naturally dis- 
joined or which have been broken or placed asunder 
are joined, such as the welding and hammering of 
iron, the melting and soldering or brazing of metals, 
the cementing or gluing together of stone, glass or 
wood, and many other methods of obtaining continuity 
in mass of bodies known to the artificer and mechanic. 
To this general law of repulsion so acting there are 
but very few exceptions; so that contact in the 
sense of making two or more parts into one cannot 
be obtained by simply pressing them together. 

Heat M a Oauie of BopiUslon, 

It is scarcely necessary to remind the reader of 
what he has in daily life endless examples of, — that 
this force of “ repulsion ” acts with varying intensity in 
various bodies. Where it acts forcibly, we have the 
atoms or particles of necessity farther apart than in 
those bodies in which its power or influence is less 
exerted. Hence we have different conditions of bodies 
known as “density,” “porosity.” Those are purely 
relative terms : as, for example, no body apparently 
is absolutely dense— -since water can be driven, under 
enormous pressure, through the solid walls of a 

« e of gold. This indeed foUows from what has 
I said as to the existence of repulsion in all 
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bodi60> tending to prevent actual contact of the 
constituent particles of a body or xnasa. For if 
this contact actually existed in the case of the par* 
tides or atoms of the gold^ there could obviously 
be no openi^s or fssures, so to say, through which 
the water could be pasfbed, no matter what the 
pressure put upon it might be. .The most powerful, 
at least the source of repulsion most general, is hetU. 
This subtle something ” seems, like electricity — ^which 
is in certain conditions also a source of repulsive force 
— ^to prevail in all matter, to be present in every 
substance. But like its opposite force — attraction — we 
know nothing as to what it is. All that we know in 
both cases are the phenomena attendant upon the two 
conditions, circumstances or laws to which, for lack of 
better terms, we give the name of heat ” as a source 
of the power of “ repulsion,'* and gravity ** as that 
of ** attraction.** And with a knowledge of various 
phenomena, man finds all he requires in practice, and 
does not need for this to enter into any sii|>tie and 
purely metaphysical disquisition to show, or attempt 
to show — for this is itself at the very best an attempt 
— what " gravity '* or what , heat is. This subtle some- 
thing, of the real nature of which we know nothing, in 
its normal or natural condition pervades, as we have 
said, every substance, and is met with everyv'here. 
Its opposite condition, to which we give the name of 
** cold,** is not an absolute but only a relative condition, 
implying that it is a condition in which there is only 
a lower degree of heat than that existing in some 
other condition. Cold considered as the opposite of 
heat would be the absence of all heat ; but we reason- 
ably assume that there is no body in this last condi- 
tion or state. For, low as is the degree of cold — so 
to use the expression, for which there is no other form 
in our language — which man can produce, he could 
still with more perfect appliances produce a still 
lower degree of cold, or in other words and more 
corr^tly, a greater absence of heat. And, fortu- 
nately for the work man has to do, he can with greater 
ease produce an increase of heat than a decrease of 
it. This fact is familiar to every one in this country, 
more so than in many otheref, with the stores of coal 
at our command. 

Bodies la Bolatioa to tUe Heat or Tomporatoro to whioh they 

aro •abJoottd..--CKaago of Ooadltloa dopoadoat apoa this.— 

Praotioal Xxaiaplos. 

With the increase of heat we increase the foiee of 
repulsion, and thus have the power to change naturally 
the condition of bodies, their atoms or particles being 
more and more separated as we increase the heat, or, to 
use the common expression, raise the temperature.” 
In the case of a metal, for example, we first cause 
a dilatation or extension of the mass; it becomes 
gradually f9aft^,-iand in the condition to which we 
l^ve the name ct ** melted we have the force ot 


attraction which caused the particles to cohere or 
stick together almost overcome* In the case of a 
liquid, as water, as we apply heat, or increase its 
temperature, we so disturb and change the molecules 
or particles of the liquid that we ultimately convert 
it into the condition of a gas or air to which we 
give the name of steam. This influence of heat in 
increasing the force of repulsion is of use to man in 
such an infinite variety of ways that to give examples 
of it a large space would be here occupied with them. 
Many instances will, in addition to those named above, 
occur to the reader, and of the practical exemplifica- 
tion of which, in machine making, we shall have 
occasion hereafter to treat. And the phenomena of 
heat as directly evidenced in the creation or production 
of steam as a source of motive power, we shall, from 
their importance, give a special place to in the series 
of papers entitled ^/The Steam Engine User.’* The 
reader will, of course, bear in mind that as the increase 
of heat increases the force of repulsion, the converse 
or opposite condition holds equally true — namely, 
that decrease of heat decreases the force of repulsion. 
Thus, if we take a rod or bar of iron in its normal 
or natural condition, in which its temperature — that 
is, its supply of natural heat at the time being — is so 
low that we say the bar is cold, and apply or rather 
supply heat to it by one or other of the methods of 
** heat application ” at our command, we increase the 
power of repulsion, the particles are further separated, 
and the bar, put under the influence' of the property 
known as “dilatation,” increases in bulk; but as the 
bar or rod is in length much greater than in diameter 
or breadth, this increases the length of the bar. 
In practice, for the term “ dilatation ** that of “ ex- 
pansion” is used. Now, if in the same degree or 
proportion we decrease the heat or reduce the tem- 
perature— which may be done in the readiest way by 
taking away the “heating application” used — so as 
to allow the bar to assume or return to the normal 
temperature at which it before existed, we have the 
power or force of repulsion lessened ;* the particles or 
atoms come closer together, and the bar shortened 
recovers its regular length. This process or operation 
is known by the name of “contraction.” A useful 
exemplification of this property of dilating or ex- 
panding and contracting of metals, showing its 
adaptation to mechanical work, is the “shrinking on” 
of iron bands or straps on parts of machines, etc., 
the most familiar example of wliich is the ** shrink- 
ing on ”• of the iron tire of a cart-wheel. Another 
is the loosing of fast bound “nuts” of screw bolts. 
The nut is grasped by a pair of tongs made i^ed hot ; 
the heat i^ communicated to the nut in a quicker 
time, of course, than it is to the screw bolt inside of 
it; the nut therefore dilates and becomes looser, so 
as to be moved by the spanner. 
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AND OPEBATIVE.— THEIB PBAOTIOAL WOBKING AND 

Economical Management. 

CHAPTER Xin. 

The following description and accompanying iUas- 
tration (fig. 22, p. 25), fully explains the working of 
Newcomen’s engine, referred to at end of last chapter. 

A piston, P, movable in the steam cylinder A, was 
attached by a chain to one segmental end of the 
working beam, the pump-rods, b, being hung by a 
chain to a similar segmental end at the other end 
of the beam. The boiler, b, was directly under the 
cylinder, and a plate or regulator valve, k, admitted 
the steam to the latter. Towards the bottom of the 
cylinder was a small pipe terminating in a clack valve, 
D (called a snifting valve), opening upw^ards. A pipe, 
E F, leading to a cistern of water overhead, was fitted 
with an injection-cock, e. There was also a waste or 
eduction pipe, l m, terminating in a small cistern, and 
having at its end a clack valve, M, immersed in water, 
and opening upwards. A vertical rod, H o, was 
employed for working the valves ; but there is no 
indication on the drawing as to how the connection 
between the valves and this rod was made. A small 
pump, T, was used to raise water into the cistern 
above the pipe b f. 

The weight of the pump-rods was greater than that 
of the piston, and acted as a counterpoise to keep it 
at the top of the cylinder, unless brought down by 
external pressure. In order to woi'k the engine, the 
pressure of the steam in the boiler should be at 
least 1 lb. per square inch in excess of that of the 
atmosphere ; and the reservoir should be several feet 
above the bottom of the cylinder, whereby a strong 
jet of injection water would be thrown in. The 
piston being, as above stated, at the top of the cylinder, 
the steam regulator k was opened, and the entering 
steam cleared out all air from the space a, and drove 
it through the valve D. The injection-cock, B, was 
then opened, whereby the injection water entered the 
cylinder, slowly at first, but with great force after- 
wards, as the condensation went on and the pressure 
of the enclosed vapour was reduced to one-half or one- 
third of that of the air outside. The injection-cock 
was provided with a weight, to insure its opening 
quickly. The condensation ct the steam took away 
the^pr68sure from the lower surface of the piston, and 
there being nothing to balance the pressure of the 
atmoq>here on its upper surface, the piston descended 
and lifted the pump-rods, together with the column of 
water resting upon the buckets. In this way the 
downsi^rdke of the piston was tested. 3^ ascent of 


the piston in making the return stroke wap effected 
by closing the injection-cock e and opening the 
regulator valve k, so as to admit a fresh supply of 
steam. The waste injection water at the bottom of 
the cylinder woidd cause some loss of the entering 
steam^ but it would soon be expelled through the 
eduction pipe. The pressure on the lower surface of 
the piston would be at first a little greater, and after- 
wards about equal to that of the atmosphere, and 
hence the weight of the pump-rods would carry the 
piston to the top of the cylinder. The injection-cook 
would then be opened, and the action would go on as 
before. 

Watt's Experiments . — ^The next important improve- 
ment in the steam engine was the invention of James 
Watt, who, in 1766, whilst employed to repair a 
model of a Newcomen engine, made the discovery of a 
separate condenser which has identified and made 
famous his name in connection with the steam engine. 
Watt «^s : I set about repairing the engine as a 
mere mechanician, and when that was done and it 
was set to work, I was surprised to find that the 
boiler could not supply it with steam, though appa- 
rently quite large enough — the cylinder of the model 
being two inches in diameter and six inches stroke, 
and the boiler about nine inches in diameter.” 

He considered that the waste of steam was due to 
the fact that the small cylinder of the model exposed 
a greater* surface for condensation in proportion to 
its contents than would be found in the cylinder of a 
full-sized engine. He also thought that “ the cylinder 
of the model, being of brass, would conduct heat much 
better than the cast-iron cylinders of large engines, 
and that considerable advantage could be gained by 
making the cylinders of some substance that would 
receive and give out heat slowly.” 

He tried a cylinder made of wood which he had 
previously soaked thoroughly in oil and baked to 
dryness; but it soon became apparent that the material 
was unsuitable, and the proportion of steam con- 
densed on admission into the cylinder still exceeded 
that in large engines. He also found that any 
attempt to produce a better exhaustion of steam by 
increasing the quantity of injection water only pro- 
duced a greater waste of steam. * Several experiments 
were conducsted by Watt from which he concluded that 

in order to make the best use of steam, it was neces- 
sary first that the cylinder should be maintained 
always as hot as the steam which entered it; and, 
secondly, that when the steam was condensed, the 
water of which it was composed, and the injection 
itself, should be cooled down to 100® F., or lower 
where that was possible. The means of accomplishing 
these ^ints did not immediately present themselves; 
but.flily in 1765 it occurred to me that if a com- 
munication were opened between a cylinder containing 
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steam and another veesel which was exhausted of air 
and other fluidi^ the steam, as an elastic fluid, would 
immediately rush into the empty vessel, and continue 
so to do until it had establish^ an equilibrium ; and 
that if that vessel were kept very cool, by an injection 
or otherwise, more steam would continue to enter 
until the whole was condensed.” He then thought 
the desired end wou}d be obtained by employing a 
pump which would extract both the air and the 
water from this second vessel, which formed the 
separate condenser of the improved steam engine. 

Watt also introduced the use of tallow or other 
grease as a lubrication for the piston, and which also 
had the eflect of making a tighter joint between the 
piston and cylinder than had the former method of 
using water packing. He likewise added a cover to the 
upper end of the cylinder, with a hole through which 
the piston-rod passed, made steam-tight by a stufling 
box ;* by the use of which steam might be admitted 
above the piston, to act on it instead of the atmo- 
sphere. The cooling of the cylinder he proposed to 
prevent by the use of an outer casing filled with 
steam, which in its turn was protected from the 
cooling effect of the atmosphere by a coating of wood 
or other non-conducting substance. This last im- 
pi’ovement will be readily recognised as the steam 
jacket ” of the present day. 

A few extracts from the specification of the patent 
granted to Watt in 1769 for his invention of the 
separate condenser may be of interest. He describes 
his invention as a new invented method of lessening 
the consumption of steam and fuel in fire engines.” 
He says, in describing the principles ” of his inven- 
tion ; — 

« First. That vessel in which the powers of steam 
are to be employed to work the engine, which is called 
the cylinder in common fire engines, and which I call 
the steam vessel, must, during the whole time the 
engine is at work, be kept hot as the steam which 
enters it, — 

^‘1. By enclosing it in a case of wood or other 
materials that transmit heat slowly ; 

2. By surrounding it with steam or other heated 
bodies; 

“ 3. By suffering neither water nor any other sub- 
stance colder than steam to enter or touch it during 
that time. 

“ Sec(yndly. In those engines that are to be worked 
wholly or partially by condensation of steam, the 
steam is to be condensed in vessels distinct from the 
cylinders, though occasionally communicating with 
them. These vessels I call oondsTisera, and whilst the 
engines are working they ought to be kept as cool as 
the air in the neighbourhood by the application of 
water or other cold bodies. 

Thirdly, Whatever air or other dastic vapour is 


not condensed by the cold of the condenser is to be 
drawn out of the steam vessels or condensers by 
means of pumps wrought by the engines themselves 
or otherwise.” 

With reference to other improvements in the steam 
engine effected by Watt, the same specification says : 

Instead of using water to render the piston or 
other parts of the engines air- and steam-tight, I 
employ oils, wax, resinous bodies, fat of animals, 
quicksilver or other metals in their fluid state.” 

Fig. 23 is an illustration of one of the early forms of 
pumping engines, with a steam-jacketed cylinder and 
a separate condenser as proposed by Watt. A steam 



pipe, s, opening into the jacket surrounding the steam 
cylinder a, is so arranged that a supply of steam 
shall always act upon the upper surface of the piston, 

At the bottom of the cylinder is an eduction pipe 
leading to the condenser c ; and there are two valves, 
E and n, the former opening into the eduction passage 
from the steam casing, and the latter being in the 
pipe itself. An injection orifice admits cold water 
into the condenser. An air-pump, Q, removes the 
water and air which are continually accumulating in 
the condenser, whilst a foot-valve, e, prevents any 
return of water or air to the condenser. At the top 
of the air pump there is a delivery valve, K, opening 
in£o a reservoir which is there to receive the water 
from the condenser. As this water becomes warm by 
condensation of the steam, it is used to supply the 
boiler, a saving in fuel being thereby effected. 

So early as 1776, Watt made experiments on the 
expansion of steam, and about the same time he 
altered an engine to test the result of an early cut-off. 
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iJter many experiments, in 1782 Watt took oat a 
patent for certain new improvements upon steam 
w fire engines for raising water or other mechanical 
purposes." He says, in the specification, ** My first 
new improvement in steam or fire engines consists in 
admitting steam into the cylinders or steam vessels of 
the engine only during some part or portion of the 
descent or ascent of the piston of the said cylinder, 
and using the elastic forces wherewith the said steam 
elpands itself in proceeding to occupy larger spaces as 
the acting powers on the piston through the other 
parts or portions of the length of the stroke of the 
said piston." Expressed in other words, the steam 
valve remains open only during a portion of the 
stroke of the piston, and closed whilst the stroke is 
completed. Or it may be expressed as follows : The 
steam from the boiler is admitted to the cylinder 
during only a part of the stroke j this admission being 
stopped, the steam in the cylinder has then to com- 
plete the remainder of the stroke by its expansive 
property. The following example will help to explain 
what is meant by the expansive property of steam. 
Suppose we have a cylinder full of steam at a pressure 
of 30 lb. per square inch, and we compress this into a 
space equal to one-half of the area, the pressure will 
then be double what it was at first — viz., 60 lb. per 
square inch. If, on the other hand, we allow it to 
fill a i^linder of double the cubical contents of the 
original one, the pressure of steam will fall to 15 lb. 
per square inch : compress the steam into half 

the original area, its pressure is doubled ; allow it to 
expand to double its original area, and the pressure 
becomes only one-half of what it was at first. The 
law relating to this fact is commonly known as 
Boyle's, otherwise, and perhaps better, as Marriott’s 
law, and is expressed thus: — ^The pressure of steam 
varies inversely as the space it occitpies. 

Hitherto the engines described have belonged to 
the class known as aingU-acting engines — that is, the 
steam acted only on one side of the piston, relying on 
the pressure of the atmosphere for the return stroke. 
When steam drives the piston both up and down, the 
engine is termed dovhU-aoling. Nearly all modern 
engines are of this latter cl^s, there being a few 
exceptions. Newcomen’s engine was atmospheric and 
single-acting, the piston being driven tip by steam, 
but down by atmo^heric pressure. 

Watt’s first engine was single-acting; the steam 
drove the piston down, whilst the weight of the rods, 
etc., at the other end of the beam acted as a means of 
raising the piston tip. 

In constructing an engine the cylinder is made a 
trifle longer* than the actual travel of the piston* 
This prevents any knocking of the piston against the 
ends of the cylinder, and at the same time allows a 
space for the free entrance of steam into the cylinder 


at the beginning of each stroke. Such a space is 
call^ the tdmranoo. 

It is an advantage, too, to imprison the steam in 
the cylinder in such a way as to act as a cmhion. 
This has the'efifect of bringing the piston gradu- 
ally, so to speak, to rest. As an example, suppose 
the piston is in the position indicated in the accom- 
panying type diagram, fig. 24, when 
the steam is shut off, and that the dis- i 

tance from 4 to b is twelve inches. We * 

will assume that the elastic force of 
the steam in the space a b 0 n is equal 
to 2 lb. per square inch. When the 
piston has travelled six inches farther 
down, the elastic force will be increased 
to 6 lb. per square inch according to 
the law we have just now quoted. When the piston 
has travelled still farther, say nine inches down, the 
pressure will have become 8 lb. per square inch ; and 
so on to the end of the stroke, when the piston will 
have been brought gradually to rest, and ready for a 
fresh influx of steam from the boiler to drive it 
upwards, when the same action is repeated in the 
upper side of the piston. 

It may be well here, now that we have traced some 
of the more important improvements in the steam 
engine, to describe and compare some of the principal 
parts of the beam engine of Watt’s time with cor. 
responding parts of engines of to-day. Perhaps the 
most fitting to begin with will be the Beam itself. So 
important was the beam in a steam engine considered 
in the days of Watt that it was some time ere practical 
men could be induced to discard it. 

An early form of beam is preserved in the museum 
at South Kensington, and is illustrated in fig. 25. 



ng. 25 


Another form is that used on the engine known as the 
Soho engine, also preserved in the Museum amongst 
the inventions of Watt. 

There also stands in the same building another 
nteresting engine known as the Heslop engine, to 
which we refer our readers, for which a patent was 
granted in the year 1790. This engine was described 
in ilfpaper read before the Institution of Mechanical 
Engineers a short time sinoe. 
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IBS VAOTOET OS HILL HAHD AS A 
TECmnOAL WOBKEB. 

Thb Obqakisatiok* Qskeeal Duties, aex> Special 

WOEK OF THE STAFF OF FAOTOBIES FOB THE PRODUC- 
TION OF Spun and Woven Goods-that is, “Tarn” 
AND “Cloth’*— AND those chiefly in Cotton and 
Wool— General Description of the Various Pro- 
CESSES OF Manufacture. 

CHAPTER IX. 

Befsbrino to the illustration in fig. 7, p. 2, we, 
in continuation of its description, have to note that 
whilst the covers remain open, the one-armed lever 
h is moved by the grooved disc h catching in the 
pin At the end of A; is the cleaning board, which 
moves to the left and back again, removing the waste 
cotton and dirt from the raised cover. In order to 
change the order of lifting the covers, Rieter’s machine 
has at each side of the toothed rims two segments of 
unequal length. The continual cleaning of the drum 
is caused by a dofier placed underneath, and deposits 
the dirt on a' roller. The roller throws the dirt on to 
the drum, and the drum on to the lids. 

Having thus generally described and illustrated the 
carding process, and the machine by which it is done, 
we proceed to give some practical remarks as to the 
work as carried on in the mill, and the general manage- 
ment of its details. 

The General Xanagement of the Card Boom.— Detail! of the 
Carding Engine. 

The carding engine is composed of the following 
parts, which constitute the active operators on the 
cotton. The main cylinder — why it is called the main 
cylinder is obvious from the fact that from this cylinder 
not only the other cylinders (which go under different 
names), but all other moving parts, receive their motion 
directly or indirectly — a smaller cylinder, called a doffer, 
and also another still smaller cylinder (in diameter), 
the taker-in, — ^these three^ are used in all carding 
engines, and not one could be dispensed with without a 
serious loss. The main cylinder, where coarse yam is 
produced, is covered to the extent of nearly one-half of 
it by small cylinders, commonly called rollers and 
clearers.’* Main cylinder, taker-in, rollers and clearers, 
and the doffer, constitute the whole of the machinery 
in the carding engine for the treatment which the cotton 
requires to be put through, so that it may be suffi- 
ciently prepared for the following machine (drawing 
frame), h^eafter to be described. Very few cylin- 
ders, of either a large or small diameter, which have 
been made within the last half-century, are made of 
wood, as they were formerly, since it has been found 
that cast-iron cylinders can be made very light, and 
in every other way convenient for affixing the dothing 
and securmg it as firmly as in the case of the old 
cylinder, which was composed of wood. The preference 
for using iron as cylinders instead of wood for the pur- 


pose, arose from the fact that iron is almost free from 
the action of the different atmospheres. The bottom 
room-— ground floor — is invariably made choice of for 
the card room, and this being flagged is usually more 
or less damp. There are advantages in the use of 
the ground floor for the card room ; but we have, of 
course, to meet any disadvantage which might accrue 
from it. Wood, wherever it may be situated, or in 
whatever position or form it may be, is liable to warp, 
f.s. to be drawn into different forms ; and, as we know 
from experience, in any kind of goods which require 
to be kept in truth, wood cannot be depended 
upon to keep in its original position. Nothing can 
be as important, for truth and for certainty of action, 
as the cylinder or cylinders in a carding engine, and 
hence the use of some other material which is less liable 
to be affected by changes or circumstances of weather 
than wood. In this case the substitute for wood is an 
article which is becoming almost universally applied to 
any kind of work where strength is required, neatness 
desired, or for its property of resisting drcumstanoes 
to which wood is so much subject — t.e. iron. It is 
almost incredible how light the cylinders for this 
purpose are made, and at the same time substantial. 
The first cost is a little more, made from iron, than 
from wood — say 10 to 15 per cent. Though there 
is an advantage in some directions, and certidnly 
in the most important object of using it, there are 
drawbacks tp it, but they are not deemed of suffiicient 
import to return to the old i^stem of wooden cylinders. 
Here we may state them, as we have so far referred to 
them. The difference between the weight of wood and 
iron is that, however light the iron is made, it is more 
cumbersome to be moved about than wood, bulk for 
bulk, and therefore more power is required from the 
steam engine, which, though small, adds to the cost of 
fuel and wear-and-tear ; besides, the power required for 
turning the carding engine is greater, and more manual 
labour in removing parts for the sake of cleaning and 
repairing is required. But, as we have before said, 
continued truth more than compensates for the small 
additional cost. As to the framework, remarks are 
not needed, as in this case— it is also so in all other 
cases — the framework is made so as to be suitable 
for the various parts of cylinders, etc. The real work- 
ing parts of the machine, where the cotton has to be 
carded, are covered with a clothing. For the founda- 
tion of that clothing different kinds of cloth are used 
(all made for that purpose), which is filled with 
hokiked , teeth, very closely set, say from 60, to 150 
teeth to the inch ; and the fineness or coarseness 
is regulated according to situation, ete. The taker- 
in rollers and clearers have the coarsest-set wire, 
vaiying from 60 to 90 teeth per inch. The next 
finer-set clothing is used on the main cylinder, from 
100 to 120 set. The doffer has, as a rule, the finest- 
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set clothing that is on a carding engine. It varies 
from 110 to 150 set. It will be well understood why 
the dofibr is so much finer than any other part. 

UstaUs of the Carding Proeosi oontiaudd— The lap Haohino. 

We have given an idea of the various parts which 
ai*e in contact with the cotton while it is being passed 
through this machine. .The first thing which is to be 
understood is the lap, which ismade at the lap machine. 
This lap will be perhaps eighteen inches in diameter. 
Being folded upon a roller, pressed by calender rollers 
which consolidate it, at the lap machine, and the 
lap machine roller being extracted from it as it 
is filled, a small rod can be put in in the place of 
the lap roller. The back part of the carding engine 
is arranged with two plates, one on each side, provided 
with a dot, by which the rod in the lap can be kept 
in its place, and thus the lap is so far secured from 
getting out of the position, during the time which it 
may have to remain in the blowing room, which it is 
necessary for it to be kept in. The lap rests upon a 
roller which is turned round by tooth and pinion, and 
thus it unfolds the lap from the layers as it received 
them from the lap machine. As the lap is unfolded 
it is taken hold of by two rollers, and sometimes with 
one roller running in a dish ; either i^stem carries out 
the object of drawing the cotton through. These rollers 
are so calculated that they run through the same sur- 
face per minute as that of the roller which turns the 
lap round, and so the lap is neither stretched nor 
allowed to overrun. The rollers alluded to are called 
feed rollers; they draw the cotton through, and 
deliver it to the first cylinder or roller, which is used 
for the working, clearing, and preparing of the cotton. 
This roller goes by the name of taker-in, or licker-in. 
Its diameter is about nine inches, and its surface speed 
is about equal to half of that of the main cylinder. 
This taker-in is clothed mostly with the coarsest kind 
of dothing. The cotton, as it leaves the lap machine, 
must of necessity be in a very rough condition, and 
hence the need of stronger wire clothing. 

Praotieal Points eoimeoted with the Xanageinent of the 
Oarding Prooeee. 

The cotton, as it leaves the lap, is in a rather 
lumpy and uneven condition. The feed rollers running 
but very slowly, and the lap, or feeder, being rather 
bulky, the taker-in takes off the cotton as it comes 
through them in very small particles. The cotton, of 
course, gets more dikributed (separated) ; and before 
describing the further process, perhaps it would be 
as well to state that this taker-in, running at a 
high speed comparatively to that of the feed rollers, 
takes but little at each stroke, or we may say at each 
revolution, and thus the dust <3x heavy diH which 
remains in the cotton is largely disposed of ; and, in 
addition to the dust^ it will be seen upon examination 


that some other material falls out of the cotton which 
would •be useless. There are some of the fibres 
which are very short, others which are of a coarse 
nature, and it will be thus seen that all cannot be 
perfect. The taker-in does some important work, 
and it does the roughest part of the work which is re- 
quired to be done after the cotton leaves the blowing 
room. The object of the taker-in is twofold: first, 
taking the cotton from the feed-rollers and passing it 
to the main cylinder in small particles ; and secondly, 
freeing the cotton from much superfiuous matter, 
dust, and short fibres. The sooner the dust and other 
useless substances are disposed of, the better. The 
licker-in, or taker-in, is a real boon to the other part 
of the working of the carding engine. As we have 
said, the sooner all useless matter is disposed of 
the better, because it much interferes with the i 
set wire which has to be put upon the other part of 

carding engine. Dust and other coarse material ti 

away the fine edge of the wire which is upon the 
clothing on the main cylinder. The object of having 
the rollers and clearers upon carding engines is to 
distribute the thick and lumpy parts which are put 
upon the cylinder by the taker-in. The roller and 
clearers vary in diameter ; but, for argument 

will say that the roller is about seven inches < 

and the clearer is say four inches diameter. 

roller being set close to the cylinder, it will not 

large pieces to pass it, and so it takes them ofif 
part. Its speed is but very slow, so it allows the 
cylinder to take part of the lump back again, after 
all that the roller brings up. The clearer is set so 
close to the roller that nothing can pass it unless it is 
very small. The clearer receives its name from the 
part of the work it does — Le, it clears the roller from 
all that it takes up from the cylinder. It runs at a 
high speed, and thus the fibres are taken back to the 
main cylinder in a thinner and more suitable state 
for the next set of rollers. There are a series of 
those we have described of rollers and clearers, all of 
which perform the same kind of work, that of separat- 
ing the bunches of fibres as they arise, and equally 
distributing them. Being so well apportioned all 
across the cylinder that as it is taken off the last 
cylinder, called a doffer, it is regular, and as free 
from thick and thin places as a spider’s web, it is thus 
frequently called the web. When all the parts of 
the engine have done their work, the doffer is then 
the part which takes from the cylinder the carded 
cotton. The main cylinder makes from 120 to 180 
revolutions per minute, and is about 45 inches in 
diameter ; the doffer is half the diameter of the main 
cylinder, and its revolutions about 1 to 14 of the 
cylinder. The opposite side of that to which it is in 
oQllIbct with the cylinder, there the cotton is stripped, 
or doffed, from the doffer by a comb or knife. 
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THE STEEL MAXEB. 

THB DBTJOLB of HIB WOBK'— Thb Pbinciplbb of its 

Pboobbbbb— The Qualitibb akd Chabaotxbisticb of 

ITB Products. 

CHAPTER IV. 

Brief Beieriptioii of the Serly Xethode of Making Steel. 
It is not always easy to classify several processes 
which, having some points in common, overlap each 
other, so to say, and which taken as a whole, however 
numerous — and the processes of steel making are 
many — have but two or three leading principles, of 
which the several processes are but modifications. 
We propose, however, to consider all that is necessary 
under two classes — ^the ‘'direct” and the “indirect,” 
or, as we may call them, the “ roundabout ” processes. 
To these some would, and do, add a third; but it in 
reality belongs to the second. By the “ direct process ” 
we refer to the method or principle of steel making 
which deals with the ores, making the steel at once 
from these, without the intervention of preliminary 
processes. It is this which creates the difference 
between this class and that we have designated as 
the “indirect process,” which deals with products 
made from the ore, as primarily in the form of cast 
or “ pig-iron,” or in that of malleable or “ wrought 
iron,” which again is a secondary product of the 
ore, being itself derived from the pig-iron first 
produced from it. We have, in the chapters entitled 
“ The Iron Maker,” drawn attention to the compara- 
tively late discovery of the fusibility of iron ore so 
completely that it could be run in a condition more or 
less fluid into moulds, from which the name cast-iron 
was obviously derivable — hence a more correct term 
than pig-iron, which had its origin in the vulgarisation 
of a fanciful idea of the early workmen. iVom this 
it will be evident that the direct process of steel 
making must have preceded any of the modem 
method, whether direct or indirect ; inasmuch as the 
manufactures of both steel and iron claim an antiquity 
far exceeding that of the manufacture of modem 
cast iron in this country. An antiquity, indeed, so 
great, that reaching far into the ages “hoary grey 
with eld,” we have not the faintest record of the 
times when either iron or steel was flrst produced; 
although, as we have just seen, we have data upon 
which to found a conception of what the earliest 
processes must have been — ^this abundantly proved 
by processes -carried on even still in some remote 
districts, and of which we have historical proof that 
in comparatively recent times they were universally 
used by peoples of the East. 

Early Stesl Maktog in the last.-“ Wooti “ fttad. 

Of these early processes we have already described, 
and which may be taken as representative of the 
whole, properly defined there was but one process, 
modified merely in the details of working; the one 


plan we have described constituting the variations 
which caused the difference in the piquets obtained. 
We shall now take up those methods of treating iron 
ore which gave definite results in the form of steel — 
that metal which has been so long and universally 
distinguished as being different from the metal known 
as iron by the fact that it is capable of being hardened 
and tempered so as to be brought to, and 
under fair usage, a cutting edge. And to give an idea 
of how this definite product was obtained in early 
times, we go again to the East, to find the making 
of steel illustrated in that quality of it known as 
“Wootz,” from the name of a certain district in 
India, and which was capable of giving to implements 
made from it cutting edges of the finest and keenest. 
A parallel product, so far as fineness of quality was 
concerned, was the still better known metal known as 
“ Damascus ” steel ; this Syrian manufacture having 
the widest and highest fame for the exquisite keenness 
of the cutting edges of swords made from it. Wootz 
steel could scarcely come under the class of direct 
processes, it being made from the iron obtained by the 
process we have desciibed in a preceding paragiaph. 
That this iron was of the finest quality we have already 
seen, approaching that of the modem ingot or soft 
steels ; and we have also seen that in some particular 
instances it might have been steel proper or hard. 
This fine quality of iron thus produced was, in the 
process of Wootz steel making, taken and broken up 
into small pieces, and what appeared to the practised 
eye of the natives to be the best pieces wezo selected, 
l^ese were placed in clay crucibles, and packed therein 
carefully, along with small pieces of wood. A number 
of the crucibles thus filled with selected iron and wood 
were placed together in a furnace — some two dozen or 
so at a time — ^and then covered thickly over with green 
leaves of trees, and these with a layer or covering of 
clay. The blast — obtained by a primitive form of 
bellows, worked in as primitive a fashion — was then 
applied, and the combustion maintained in the furnace 
at as high a heat as possible for some two hours and 
a half. The furnace was then allowed to cool down, 
and the crucibles were removed, broken up, and the 
pieces of metal taken out — forming lumps of the 
well-known “ Wootz steel,” 

Early Steel Making in Europe.— Tke ** Catalan ” Frooess. 

In Europe the production of iron proceeded much 
on the same lines we have described as constituting 
those of the earliest times in the East. Of the 
European peoples, those of the north took a high 
place as* iron workers : in Germany, for example, the 
position of the trade was such that the technical terms 
employed in it have been brought into our country, 
either almost in their pure form, or have given the 
basis of terms made by us to indicate the same thing. 
The Swedish iron has, for example, long held the 
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reputation of being the finest in Europe^ and is that 
used chiefly for the making of steel on the Sheffield 
plan, as to be afterwards described. Of the European 
processes, that known as the ** Catalan'* is a good 
example of making steel direct from the iron ore. 
The furnace has its hearth or bottom of a rounded 
form, made of a species of sandstone very “ refractory " 
— that is, capable of resisting intense heat. The blast of 
air is produced in a peculiar way by a falling column 
of water supplied from a cistern, tank, or reservoir, 
placed at a considerable elevation above the level of 
the health of furnace. As the water descends the 
vertical tube leading from it, it carries with it air, 
which is allowed entrance to the tube near its upper 
end; and by a simple arrangement, while the 
water passes freely away to a lower level, the air is 
forced at considerable pressure through an inclined 
and tapering tube to the hearth of the furnace, main* 
taining a steady combustion at a high temperature. 
The ore used in the process of steel making by this 
primitively simple, yet in some districts of Europe, as 
in the Pyrenees, still used form of furnace, is rich in 
metallic iron. Springing from and leading up fi^m 
the hearth is a wall made with a curved upper part 
joining the vertical side of the furnace, this being 
placed in the side of the furnace opposite to that at 
which the tongue or blast pipe is placed. On this 
wall the iron ore is piled or heaped up, and is at 
first prevented from falling down to the lower part 
of the hearth by the “charge” of fuel which rests 
upon the hearth and fills the lower part of the 
furnace up to the level where the curved part begins. 
The fuel used, it is scarcely necessaiy to state, is 
charcoal ; this fills the furnace or hearth part up 
to a considerable height; and the mass of charcoal 
is then covered over with a thick layer of a, mix- 
ture of charcoal dust and iron ore broken in small 
pieces. When this mixture is wetted or moistened, 
it forms a species of closely lying covering. At first 
commencing the process, a gentle heat is maintained 
in the mass of burning charcoal lying on and in 
the region of the hearth. When combustion has 
reached that point where it forces its way through the 
mixture covering the charcoal, more of the mixture 
is heaped on, so that combustion is kept low. After 
this low combustion has been maintained for the 
space of two hours or so, the blast of air is turned on, 
so that it exercises its full power, and fierce combustion 
goes on in the mass of charcoal and its covering mix- 
ture. The ore is then dragged gradually from the 
curved and sloping back of the furnace, in which, as 
we have seen, it is piled up ; and*as it is subjected to 
the intense heat, it is partially smelted. This goes on 
till the whole of the charge of ore is “ reduced ” to a 
mass of what is technically called “spongy iron.” If 
this were allowed to remain in the furnace it would 


be still further reduced till it was fused or melted ; 
and as it reached this point it would be found to have 
absorbed certain greatly deterioratingimpuritks, making 
it a metal in its characteristics totally distinct from 
that known as steel or hard steel. But when the ore 
is reduced to the f^ngy condition, it is withdrawn 
from the furnace, and then hammered and rolled or 
drawn out. This primitive process, which, as we have 
seen, is still used to a limited extent in some Europfean 
districts, is the basis of a steel-making process carried 
out on a large, and, as we believe, on a commercially 
successful scale, in the United States of America, in 
which wood for charcoal making is very plentiful. 
It is there called the American bloomery, and it need 
scarcely be said that the furnaces and appliances are 
arranged and constmcted on a vastly different and 
greatly improved plan as compared with the rude 
appliances of the Catalan process above described. 
The furnaces of the American bloomery are thus 
elaborate structures, and the blast is on what is called 
the “ hot blast ” system (see the chapter under the 
head of “ The Iron Maker ”). The name “ bloomery ” is 
derived from the word “ bloom,” which in the technical 
language of the iron trade is used to designate a ball 
or mass of spongy iron as it is withdrawn from the 
furnace to be hammered and rolled. 

Steel Making direct from the Iron Ore. 

It is scarcely necessary to say that, apart 
altogether from the fact that the early iron workers 
obtained their supplies of steel largely, indeed— so far 
as we can conjectuio, from the evidence we have at 
command— chiefly from direct processes, such as the 
“Catalan,” now described, there are obviously clear 
reasons why the iron masters or steel makers of our 
own times should have had, and still have, a desire to 
find some metl^pd of obtaining steel directly from the 
iron ores without the intervention of intermediate pro- 
cesses— hereafter to be described — which if they do not 
add to the cost, certainly add materially to the labour 
of producing steel. Hence in comparatively recent 
times vaiious attempts have been made to discover a 
method of making steel directly from the ores as they 
are taken from the ironstone mines. And seeing the 
value of the prize to be secured by those who 
succeeded in making the direct process a success, 
attempts are being made even now, and some of these 
are in the hands of men of such distinguished scientific 
ability and thorough practical knowledge, that the 
world may shortly have it announced that the problem 
has been solved. This is not to discover a method 
of making steel directly from the ores: that was 
solved long long ago by the primitive or early iron 
workers, and steel can be made — is in various parts 
of the world being daily made — directly; but the 
8|Pition of the problem is in making the direct 
process a paying one. 
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ITR Origin and Eablt Proobepb— The Tbincipleb 
AND Details of its Pbaotice. 

CHAPTER X, 

Joining of a Eorisontal with a Yortioal Piece. 

In fig. 5, Plate XIX., we illustrate a joiAt in which a 
horizontal piece, &, is secured to the face of a vertical 
strut a a in the manner shown at d ef g \ d ehows the 
piece cut out in the strut a a. This may be cut right 
across the face of a a, but if so there is nothing to 
prevent the piece b from being pushed laterally out of 
connection with a a. To prevent this a rib is left in 
the centre of the part cut out of face aatiid. This 
rib goes into a groove cut out of the end of the piece b. 
In place of a rib being left in the face of the part cut 
out at dy the mortise hole, as is made ; into this a 
tenon left at end of piece by as shown at A, Ls driven 
Other views of the piece A are shown 2 X h k I and 

Another Xethod of Joining a Horieontal with a Vertical Piece. 

In fig. 47 is illustrated a method of joining a hori- 
zontal piece, ^ A, to a vertical piece, A. The front view 



Pig 47, 


of vertical piece is shown at ab; a groove, c, is cut 
across this, in which the part A of horizontal piece g 
is placed. A part, as at^' A, may be cut across the 
face of vertical piece, the end of horizontal piece being 
formed to suit this ; or the joint shown hi r r q may 
be used. In this the face of the vertical piece is 
broader than the thickness of the horizontal, a mor- 
tise being cut in the face of it, as at and this pro- 
vided with a second mortise, 0 , into which the tenon, 9 , 
of horizontal piece fits, the end going intojo The ends 
or inner faces oi p p and 0 are not parallel to the sides 
of the vertical piece, but oblique, as ehown in vertical 
section at ^ m or n. Fig. 8 , p. 12 , vol. i. {ante), shows 
another method of joining a horizontal piece, a a, 
as at 6 ; or a square tenon may be used, as indicated 
by the dotted lines joining eind d with e in hh. fg 
shows edge view of piece a a, g being the tenon e in 
b b» Where the dovetail tenon is used, as at e, the 
VOL. 111. 


mortise, in place of being plain, as at A, may have tw o 
shoulders, as at A A, against which the parts j J abut. 

Joiiiiiig Two Horisontal Pieoas, one of whioh<-a Coiling Joiot— 
is at Bight Angles to the other, as a Bridging Joist, 
in Flooring. 

In fig. 48 we illustrate the methods of joining pieces 
at right angles, as the ceiling joists,” 0 /, to the 
bridging joists ” of a floor, as A 6 (see a succeeding 
chapter on Iloors). The simplest method is by cutting 
a notch, as a, in the lower edge of the bridging joist 
b by this going right across the face, as shown in plan 
to the left of b b. The notch is cut of such a width 
that it embraces the ceiling joists tightly when this 
is driven up. The joist is indicated by the dotted 
lines. Other methods are shown at c and d of finish- 
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ing the ends of the ceiling joisfs e and f ; notches, as c, 
being cut in the bridging joists to receive the tongue 
of projecting parts at c and d. 

Jnnotion of One Eoriioatal Piece, ae in a Bridging Joiet, to the 
Vertical or Another Horizontal Piece, as a Beam or Girder 
in Flooring. 

The junction of pieces at right angles, where the 
end of one piece is secured to the vertical face of the 
other piece, as b and / in last figure, is illustrated in 
the junction of bridging joists, a, fig. 49, with the 
large beam or girder A in a double-framed floor (see 
succeeding chapter on Floors). The face of the girder 



Fig. 40, 

has parts cut out at intervals corresponding to the 
dist^ces between the bridging joists, as at' g, the 
end of joists a a being shaped to correspond. The 
width of the part cut out in face of the girders is 
equal to the thickness of the joists a a, as shown at e 
in face d of the girder. In the figure e is end or 
cross section of a flooring joist, the ceiling joists 
being placed immediately below it. In some cases 
.the end of the joist is cut so as to finish with a long 
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proj6cting piece, tenon or tail ; this passes through a 
moiiise hole in the girder at back, and the two are 
secured together by a wedge, as shown in %. 60. 
When the junction is made as ii;i fig. 49, the end of 
joist being merely let into the face of the girder, the 
joist is not so secure as that shown in fig. 50. 

Juaotioii of a Eorisontal Pioeo, with an Xnolinad or 
Angular Pieoa. 

In fig. 6, Plate VII., a joint is illustrated in which 
one piece, as a a, crosses horizontally an inclined pi^, 
as 5 6. The simplest way of mal^g this joint is cutting 
out a recessed portion, or a chase, as d, in the outer face 
of piece b b. The depth of this being half the thick- 
ness of the piece a a, when this is forced into the part 
d half the thickness of a a projects above the face 
of b b. When the two faces, that of a o and that of 
b 6, are required to be flush with each other, a part of 
shape corresponding to the angle d is cut also out of 



Fig. 60 . 


b h, with part out out to receive oo. One form of the 
joint is shown in section, d being a recess cut out 
of part, g being a correspondingly projecting part left 
in the centre of the other piece. The usual and the 
simplest way is to make the same kind of recessed or 



Fig. 61 . 

cut-out part in end, as shown at o c 5 this being cut 
out to half the depth of the piece, so that when the 
two are put together, the one going mutually into the 
other, the faces of the two pieces are flush with each 
other, like a half -lap joint. 

PieoM Joined at Bight Anglei to Xaoh Other. 

In fig. 62 the simplest way of joining two pieces at 
right angles, as the piece a to 6, the end of piece a 
stopping short at or being cut off or left flush with 
edge of piece 6, is by placing the piece a on face b 
and securing them with nails. A neater and more 
secure joint of this class is made by cutting out a 
piece, as in the face of the piece 5 5 at its upper end, 


the (inner) face of a a, half the thickness of the piece 
in depth. This is shown in elevation at c and in sec- 
tion at/, Tlie most perfect and secure of this kind is 
where the part, as d, is not cut out right across the 
face of piece, as 6 6, but a rib, feather, or projecting 
part as at ^ is left in the centre. This fits into a 
recess or hollow part in the inner face of piece a a, so 
that lateral movement is prevented. 

Another Example of Preceding Joint. 

Fig. 8 {ante, p. 12, vol i.) illustrates a joint of 
the same class as the last, in which one piece, as % i, 
crosses another, Ar 7:, at an angle, but in which the 
joint is not straight-lined, as at a a, 6 5, fig. 6, 
Plate VII., but is cut out with angular knees, as 
shown at i i. Another form of angular joint of this 
class is shown at g h, crossing the piece/, the shaded 
part g showing the recess or mortised part cut out in 
face of /. The diagram at top of this, fig. 8 {omte), 
shows a form of joint in which the piece c joins the 
piece d d at an angle ; but does not extend or go 
beyond the furthest or off side, as at % % in same figure. 
The part cut out of piece a a corresponding to d d is 
shown at i, with edge view at c. 

Juaetioa of Two PieoM OretiiAg Angularly. 

Fig. 51 illustrates another class of joint, in whicdi 
two pieces, a a, b b, cross each other, both pieces being 
placed angularly : 0 c shows the face of one piece, as 



shown in section at c/; a corresponding port is cut out 
at the end of a, as at A in pf ; the two when placed 
together are then flush on the surface. In joints of 
this class the mitre joint, as in fig. 53, is the neatest. 
The simplest way of making the joint is by cutting 
the ends of the pieces, as at a 5 c d, those lines being 
at angle of 45°, as shown by the dotted lines which 
show the parts cut off. When the two pieces are 
brought together the joint shows as at e y, the one 
piece at e / being exactly at right angles to the other 
piece e e. The pieces when meeting are secured by 

K ails* or nails. The neatest joint of this kind is, 
ever, made by the mortise and tenon joint at the 
angle. 
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Teb Cbxmistbt aed Txobkioal Opbbatxohb of B1» 
Trade. 

CHAPTER XII. 

The following is the table referred to at the close 
of the preceding chapter: — 

Table ihowing Strength of Hydrochloric Acid according to the 
Sjfecifie Gravity. 


Speciflc Gravity 

Per cent, of 
HOI 

Specific Gravity 

Per cent, of 
HOI 

at 16* 0. 

by w^ht. 

at 16* G. 

by weight. 

10103 

2*22 

1*1604 

29*72 

roi89 

3*80 

1*1688 

31*60 

1*0310 

6*26 

1*1730 

84*24 

1*0657 

11*02 

1*1844 

86*68 

10761 

16*20 

1*1938 

88*67 

1*0942 

18*67 

1*2021 

40*61 

1*1048 

20*91 

1*2074 

41*72 

1*1196 

23*72 

1*2124 

43*09 

1*1308 

26*96 




Free hydrochloric acid, if sufficiently concentrated, 
injures cotton fibre, especially on steaming ; and very 
minute quantities of this acid act very destructively 
upon many colours, especially alizarine pinks ; hence it is 
frequently important to have drugs free from impurities 
of hydrochloric acid — as for example acetic acid. 

Sulphuric Acid or Vitriol (HJSO4) is used chiefly in 
the disclxarging bath for discharge indigo-biue styles. 
It is also used in bleaching in place of spirit of salt. 
When pure it is a colourless, powerfully-acid liquid, of 
speciflc gravity 1*854 ; in commerce it is generally 
colourless, and about 170"* T., containing 93 to 98 
per cent, pure acid, 6O4. The usual impurities 
of vitriol are lead, iron, nitrates, chlorides, arsenic, 
and organic matter. 

Pure sulphuric add, H2BO4, exists. Yitriol is the 
solution, or mixture, of pure H2SO4 with water ; the 
former both in the crystalline and liquid state, accord- 
ing to the temperature and method of treatment ; the 
best vitriol in commerce contains only 2 to 4 per cent, 
of water. It has a powerful affinity for watw ; thus, 
when added to water much heat is given out, and the 
temperature of the liquid may rise to over 212®. 
When exposed to the atmosphere it readily absorbs 
moisture, and is largely used in the laboratory for the 
purpose of drying gases, etc. Vitriol, even if largely 
diluted, rapidly destroys cotton ; and free sulphuric 
add should never be present in colours. If the largely 
diluted acid be applied to cotton and steamed, a more 
or less dark-coloured stain will be produced and the 
fabric rendered rotten. 

The boiling point of sulphuric add is 338® 0. 

The following table shows the results obtained by 

Kolb:--. 


TMe showing the Amomt gf Parc Mahuric Acid, H^SO^ 
in Solntiom of different Specific Graeltici. 


Msiflo Qmrity 

Paroe^^ of 

SpeeifloUrsvity 

Pevoentaceef 

•A 16* 0. 

at 16* 0. 

HtB04. 

1*006 

•9 

1*671 

74*7 

1*076 

10*8 

1*691 

76*4 


20*8 

1*711 

78*1 


81*0 

1*732 

79*1 


41*6 

1*763 

81*7 

1*410 

61*2 

1*774 

84*1 


61*0 

1*796 

86*5 


70*0 

1*819 

89*7 

1*634 

1*662 

71*6 

78*2 

1*842 

1000 


Nitric Acid or Aquafortic (HNO|) is employed in 
making a few mordants and in engraving or rather 
etching copper rollers, also in discharge black or Turkey 
red. Pure nitric add is a highly add and corrosive 
fuming liquid, of speciflc gravity 1*45, and its most 
important property is its oxidising action, or its ten- 
dency to give up a pQrti<m of its oxygen, converting 
proto-salts of iron and other metals into per-salts, etc. 
The commercial add generally contains iron, arsenic, 
and other impurities. 

Nitric add is a mixture of pure HNO3 with water. 
On heating, the strong aqueous solution begins to boil 
at 86® C., a portion of the acid being decomposed; 
but when about three-fourths of the add has distilled 
over, the residue is found to be a colourless strongly 
fuming liquid, containing 95*8 per cent, of HNO^. 
When, the strong add is mixed with water an ele- 
vation of temperature and contraction of bulk takes 
place. 

Table showing Amount of Pure Nitric Acid, 

Solutions of different ^ 


Kflflo Gravity 

Peroentase of 

Bpeoiflo Gravity 

Percentage 

at 16* 0. 

HNO). 

at 16* C. 


1*630 

100 

1*251 

40 

1*496 

90 

1*186 

30 

1*460 

80 

1*120 

20 

1*423 

70 

1*060 

10 

1*374 

60 

1*029 

5 

1*317 

60 




Nitric add rapidly acts upon cotton and destroys it. 
The largely diluted add, when placed on the fibre and 
steamed, quickly rots the fabric. 

A mixture of the two preceding adds, forming 
nitro-hydrochlorio add or aqua regia, occasionally is 
employed for making tin mordants. It has a more 
poi^rerful action upon some metals than dther of its 
oomponent adds. It is oocadmially made use of in 
maJ^g mordants colourless. 

Acetic Acid (O3H4O3) is very extensively used in 
calico printing. Its c^f uses are in dissolving the 
aniline and other dyes, and tannic add for printing ; 
for adding to alizarine and other colours to cause 
them to "work" better in the machine— -as stordk 
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thickens more evenly in presence of a little acetic 
acid than in its absence — and to keep the dyes in 
solution ; also in making acetates by dissolving the 
base as oxide in it. Acetic acid, in combination with 
the metallic oxides, is largely employed in mordants. 
When pure, or glacial containing only 15 per 
cent, of water), it is a strongly add and corrosive, 
colourless, readily volatile liquid, of specific gravity 
1*0635, and boiling at 243’ F. The commercial article 
is sold at different strengths ; that at 8’ T., or specific 
gravity 1*04, contains from 29 to 31|J per cent, pure 
add H^O) ; it is usually of yellowish colour, 

due to the presence of organic and other impurities. 
For use in alizarine colours it is required to be free of 
iron and copper, lead, and free hydrochloric add. 

Acetic acid, when mixed with water in different 
proportions, does not possess a specific gravity in exact 
proportion to the amount of acid present, as is the case 
with pure sulphuric and other acids. The density in- 
creases from 1*003, the spedfic gravity of the pure 
mono-hydrated acid, up to 1*0735, the spedfic gravity 
of the mixture containing 79 per cent, of add ; then 
decreases as the amount of acid contained in the mix- 
tures decreases. Hence the strength of this acid can 
only be correctly ascertained by chemical testing. 


Table $hming Percentage of ^Acetic contained 

in Elutions of different SjpeeiJie OracUiee, 


Spoolflo Gravity 
at 16® C, 

Porcentofire of 
Acetic Acid, 
CtU40a. 

Speoiflo Gravity 
at 16® C. 

Percentage of 
AceUc Acid, 

10142 

10 

1*0400 

29 

10214 

16 

1*0412 

30 

10284 

20 

1*0424 

31 

1*0298 

21 

1*0436 

82 

1*0311 

22 

10447 

33 

1*0824 

23 

1*0459 

34 

1*03.37 

24 

1*0470 

35 

1*0360 

25 

1*0615 

60 

1*0.363 

26 

1*0686 

60 

1*0876 

27 

1*0553 

100 

1*0368 

28 




Anhydrons Carbonate of Soda. 

Anhydrous carbonate of soda, Na^COs, when added 
to water combines with it with production of heat. On 
evolving strong solutions of this salt, crystals of 
different hydrates are formed; one of which is the 
decahydrate, Na 2003 .lOH^O, hereafter described. 

The anhydrous salt dissolves in water in the follow- 
ing proportions ; — 100 parts of water dissolve, at O^C., 
7*1 ports of NajCOj; at 10® C., 12*6 ports; at 20® C., 
21*4 parts ; at 30® 0., 38*1 parts; at 32*5® C., 59 parts; 
between 32*5® and 79® 0., 46*2 parts ; at 100® C., 45*4 
parts; and at 105® C., 45*1 parts. 


they efSpresce, or lose a poition of their water of 
crystallisation, and fall into a white powder consisting 
of the monohydrate. The crystals when heated to 
34® C,, melt, and on cooling form the monohydrate, 
Na^OOj .H^O. 


Tzble allowing Amount of Soda in Solutiom of d iff erout 
S2)eoijio Gravltiea* 


1 

Bpeciflo Gravity { Percentage of 

Specific Gravity 

! Percentage of 

at ID® u. 

i NaaO. 

at no Cl 

' NaaO. 

1*0163 

1*20 

1*3349 

23-67 

1-0764 

5*44 

1*3606 

24*78 

1*1528 

10-27 

1*3586 

25*38 

1*2392 

15*11 

1*3761 

26-59 

1*2982 

20-56 

1*3836 

27*20 

1-80S8 

21*16 

1*4011 

28-40 

1*3143 

21*89 

1-4193 

29-61 

1*3198 

22*36 

1*4285 

30-22 

Table aluiwing 

the Percentage of Cauatic 

Potaah, KOH, 

contained in SolutUma of different SjfeciJic Oraviiiea, 

Specific Gravity. 

1 * Percentage of 
KOH. 

Specific Gravity. 

1 

1009 

1! 40 

1-411 

5 

1-041 

45 

1*475 

10 

1*083 

50 

1539 

15 

1*128 

55 

1-604 

20 

1*177 

60 

1*667 

25 

1*230 

II G6 

1-729 

30 

1*288 

i; 70 

1-790 

85 

1-.349 



Table allowing Strength of Ammonia^ according to Davg, 

Specific Gravity. 

Percentage of 
Ammonia. 

Specific Gravity. 

Percentaeo of 
Ammonia. 

•8760 

32*50 

*9266 

19*54 

•8876 

29 25 

•9326 

17*52 

*9000 

26*00 


16-88 

*9064 

26-37 

-9435 

14*53 

•9166 

22-07 

•9474 

13*46 


Hydrometer GUiiee. 

Throughout this article frequent use has been made of 
the sign ® Tw, : thus, vitriol at 170® T., spirits of salt at 
30® Tw. This refers to the scale of Twaddle’s hydrometer 
or instrument for determining the density of a liquid. 
The density or specific gravity of water at k tempera- 
ture of 60® F. is taken as 1® Tw., or I sp. gr. ; and the 
hydrometer glasses are giaduated from 1® T. up to 
170®F., which is the density of vitriol; the scale com- 
prising six glasses numbered 1 to 6. To convert 
degrees Twaddle into direct specific gravity, multiply 
by 5, odd 1000, and divide by 1000. Thus, 6®T.x5 


»S0; 30+1000=1030, which divided by 1000= 
Soda Cryitals. 1*03, the specific gravity. If water be taken as 1000, 

Soda crystals dissolve in water with a slight rise ^hen the last process of dividing by 1000 is omitted, 
in temperature^ On exposing the crystals to the air and 6®T. will equal 10304p. gr. 
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THB OBAZIEB AVB CATTLE BBBEDES AED 
7EEDEB. 

The Technical Points connected with the VABiETtBs ob 
Bbeedsof Cattle— Theib Bbeedino, Beabino, Feed- 
ing. AND General Management fob the Production 
of Butchers' Meat and of Dairy Produce. 


CHAPTER XIV. 

Some Fointe ooimected with Fat Cattle fed ezelnilTely for the 
Butcher (continued). 

At the conclusion of preceding chapter we stated 
that much of the food consumed by animals up to and 
below the point of maturity, or what is called ** prime 
condition ” for the butcher, goes merely to strengthen 
their bone and form their frame: when this is 
completed, then the food consumed, if administered 
properly, goes to the true fattening process, as de- 
scribed above. But the point of maturity, or “ prime 
condition for the butcher,” at which the food taken or a 
portion of it goes to the formation and strengthening 
of the framework of the animal, varies much in 
different cattle and in different breeds. Hence it has 
long been the aim of ^‘the grazier” to produce or 
improve a breed which not only fattens quickly, but 
which matures quickly. Of all the breeds the short- 
horn excels in these respects ; as a rapid fattener — 
that is, in quickness of increase in carcase or meat 
weight — it is unrivalled. But as compensating for 
a deficiency in those qualities just named in other 
breeds, it is well known that those beasts which 
fatten more slowly than the shorthorn produce 
frequently a better internal development, giving a 
larger and finer supply of fat, suet, and ta^ow — 
a certain time being obviously required to give the 
best results. 

But, important as the points are which, up to this 
stage of our papers, we have been discussing — essen- 
tial, indeed, as they are — still they refer solely to the 
animals themselves and. their peculiar characteristics^ 
while there are other points which affect their condition 
as producers of meat, which are independent of the 
animals themselves, being imported into the general 
field of nature from without. Of these the first and 
most obvious is the food upon which they are fed, 
and the way in which it is administered. While it is 
true enough that there are animals better fitted to 
fatten quickly and economically than others, the good 
or well-bred animals making the best of the food — 
putting it, as the popular expression has it, into a 
good, the bad or ill-bred animals putting it into an 
ill skin ” — still the fact is incontrovertible that in both 
cases good food per ae will give infinitely better results 
than bad. But the best results are dependent not 
only upon the good quality of the food, but on the 
way in which it is given. All the details connected 


with this point, of the highest importance to the 
grazier, demand a close investigation and explanation. 
This will be given in a series of succeeding or future 
paragraphs, which will embrace the whole question. 
Not less powerful as a factor in the general question 
of rapid and economical fattening is the condition of 
the health of the animals. This also is a point of 
such vital importance to the grazier — involving as it 
does the general management of a herd of cattle— 
that special space will be given to its discussion in 
succeeding paragraphs. In concluding our special 
remarks on the breeding of cattle and cognate points, 
enough has been given to show what is demanded of 
the grazier before he can become successful in his 
calling. This includes likewise great power of 
observation, quick, ready, and precise, a knowledge 
of more than one branch of physical science, com- 
bined with the perseverance, prudence, and skill 
without which no business can be quite successful, 
certainly not that of grazing. From what has been 
given it will be seen that from the grazier who 
determines to be a successful breeder a very wide 
extent of knowledge is demanded. This involves 
not merely attention to the points which influence 
the form of the animal and the quality of the flesh 
or meat which it produces — points which, as we have 
seen, require to be carefully and thoughtfully studied — 
but the closest of attention to the details of general 
management, food, feeding, and health. This de- 
partment of the grazier's work is of the highest 
importance, although in the discussions which take 
place on the general subject it is but too apt to 
occupy a secondary place, being overshadowed by, 
to many minds, the greater question of breeding. 
But that the two departments — “ breeding,” that is, 
getting the best animals to fatten early and quickly, 
and ** management,” that is, the art of fattening or 
feeding so as to obtain these desiderata — mv^t go 
together if the highest, that is the best paying 
success be desired, is beyond all doubt the true 
principle. This point may receive a familiar enough 
illustration. For it would be of little use to put 
down a steam engine which possessed all those points 
of arrangement and construction which enabled it to 
give the highest effective duty in working, if in the 
very employment of it we carelessly or heedlessly 
managed it so that the points which made the engine 
the complete machine it was were not allowed to 
operate, or so operated that they had no chance of 
displaying their best and most economical charac- 
teristics. If in such a case one used the poorest 
quality of coals, and this moreover in the most 
careless of ways in stoking or firing up— if one failed, 
by being cai^ess, to get the right quality and 
the proper pressure of steam— and if, in addition 
to all this, one paid no attention to the peculiar 
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featum and adjoetmeAt on wLioh the economical 
value of the engine depended — the oommon-eense 
oonelttsion would be inevitably but in one direction, 
which might be expreeeed thus : — You took every 
care and went to great expense to procure an engine 
of the highest class, possessed of all the improvements 
which the most recent devdopments of sdenoe and 
experience showed gave the highest ^dency in 
economical working; and having procured it, you 
proved how little you valued all these by not only 
neglecting them, but by employing the worst materials 
and using them in the worst way. You would have 
been wiser had you, with such a style of careless 
management, purchased some common form of engine, 
which demanded no great caie and involved no such 
eipense.” Such consideraticms may be very common- 
place, but it is by the neglect of very commonplace 
things that so much loss is incurred in the conduct 
of every class of business, or of work. However careful, 
then, the grazier may be in procuring good animals, he 
should be no less so in carrying out all the details 
of the best system of management open to him. What 
this S3r6tem is will engage our attention in the suc- 
ceeding paragraphs ; and from what we have to give 
it will be seen that the general management, including 
as this does food, methods of breeding, and maintenance 
of health, demands from the grsuder a wide extent of 
knowledge, the habit of closest observation, and the 
most careful attention to details. But it is not 
alone to the animals — ^that is, the breed chosen by 
the grazier — or to their general management, that he 
should confine his attention. These departments, 
although they include nearly every point, do not 
include all. Attention to the conditions in which 
the animals are placed, to the drcumstances by 
which they are surrounded, must also be given. This 
will demand care on the part of the grazier and 
breeder as to the choice of his pasture fields, thefr 
locality as to shelter, the arrangement and construction 
of the buildings in which his cattle cure kept, so that 
the most be made of the food they consume, the choice 
of water, and the thousand-and-one ” things which 
minister to the comfort and the health of the stock 
The most careful attention must be paid to the varioua 
drcumstances surrotmding the animals; and it is 
difficult to know at times which of these may most 
materially affect the purity or points of the breed,, 
or their health and general eonditicm. 

The most watchful care is indeed demanded, so that 
no point at ail likely to affisct the animals may be 
overlooked. Bor example, some of our readers may 
be surprised to kam that one of onr most eminent 
bveeders^ who was famous for hm stock, which were 
of purs Uack, was most earefnl in having aU the 
gates of his fields, and of the fold ■ e wa c yt hing, indeed, 
almt his farm wUdi oould be paintedr— painted n 


blaok colour. The necessity for this and such-like 
points was forced upon him by experience, this pointing 
out to him the remarkable infiuenoe upon the stock of 
imagination or liking for certain things such as colour. 
At one time he had put up some of his black along 
with some of the red stock of the south of England, 
and the result was a change in some of his own breed 
from black to red, which taint could only be got rid 
of by two or three years* weeding, and only after the 
red cows were removed and the black cattle ever 
after kept free from the red cows pasturing with 
or being near them. It is on record also, in this 
connection, that a celebrated aristocratic breeder of 
shorthorns found that the favourite colour — roan, 
which is a compound colour, red and white«-of the 
breed, was becoming tainted with white calves, the 
cause of this supposed to be in the white paint used 
for the painting of the gates. This was given up, 
and the proper colour substituted ; after which the 
taint was gradually got rid of, and the roan became 
richer and darker. This may all be put down to 
fancy, as some indeed have done; but it is not so. 
For it is a fact in breeding which all experience has 
proved the truth of, that there is scarcely any point 
which can be so certainly determined as that of colour. 
One of our ablest authorities on this point says : ‘‘ I 
am as positive as I am of my own existence that a 
uniformity of colour as unvaried as any other class af 
animals could be secured (in shorthorn cattle) in 
process of time, if breeders were unanimous in de- 
termining upon one of the three — red and white (i.c. 
roan, the favourite colour), pure white, or red.** In 
illustration of the truth of this, and in view of the 
facts we have above stated, which may be taken as 
the highest developments of modem breeding science, 
as an illustration of the saying that there is nothing 
new under the i^n,** the reader versed in Scriptoi'e 
will remember an instance of the theory and the 
practice of this feature in breeding as given in the life 
of Jacob. Enough has been, but if space permitted 
much more, and usefully, might be given, on the im- 
portant subject of breeding, the points of which noticed 
in our various paragraphs lie at the very base of all 
successful practice. But from what we have found 
space to give, the reader should learn much — enough, 
at all events, to learn more, and to induce him to 
devote his closest attention to all circumstances, how- 
ever apparently remote, to all details, however minute^ 
By this, and the exercise of patient and close obser- 
vation, by the study of what the best breeders have 
dene, and by tibe study of the various branches of 
scieime here^ter in succeeding paragraphs indicated,. 
suoeesB in {»Actio 8 of the highest kind can only be 
secured. And with less than this the young grazier 
sbou^wisely determine not to be satisfied. And this 
amblAii will be a worthy one, for in its actual, or at 



THE GRAEIEB AND CATTLE BREEDER AND FEEDER. 


51 


all events do&sely approached attainment; he will have 
the satisfaction not only of gaining the usual rewards 
of success; but; what from a higher point of view is of 
greater importance; he will by this minister to the 
mutual well-being of his fellow-countrymen; and lay 
them and succeeding generations under an obligation 
of the highest social value. If it is true, as has 
been said, ^Hhat he who makes but two blades of 
grass grow where but one grew before ” deserves the 
highest gratitude of hm kind, it is no less true that 
this reward belongs to him who adds to ,the value or 
increases the number of improved breeds of cattle 
fitted for the supply of the population, as flesh meat 
consumers. 

In the preceding paragraphs we gave a general view 
of the principles and practice of the breeding of fatten- 
ing cattle. We now proceed to the consideration of 
the points connected with their feeding and general 
management. As introductory to our remarks on 
these important subjects it will be necessary to glance 
at the principles upon which feeding is based, and the 
leading characteristics of the substances used as food 
considered in relation to those principles. Of late 
years a great advance has been made in the quick and 
economical feeding of cattle. Not only has the aid of 
science been called in to tell the feeder what are the 
constituents of the various sukstances he uses as foods 
for his live stock, but it informs him as to the parts 
those constituents play in the frame and forming the 
fiesh of the animal which consumes them. 

The details connected with what is now, and justly, 
called the science of cattle feeding,” afford a re- 
markable exemplification of the mutual dependence 
which exists between the various developments of 
animal and vegetable life, or what has been by some 
called the “circle” or “cycle” of physical or animal 
existence or life. Science tells us that the existence, the 
growth, and full development of animals depends upon 
the existence of certain constituents in the foods on 
which they live. As animals, so plants, are made up 
of two parts or classes of substances — “ organic ” and 
“inorganic,” or in other words, of “vegetable or 
combustible ” — and “ mineral or non-combustible ” 
matter. The chief organic or combustible parts of the * 
bodies of our animals are found by the researches of 
chemical science to have their representatives in plants. 
Thus we find that animal fibrin, albumen and casein, 
which make up its flesh, are identical with the muscle 
or substances having like name found in plants, 
which make up what are called their “ nitrogenous ” 
parts. And as the fat of animals finds its representa- 
tive in some constituents of plants which make np 
their non-nitrogenous parts, so in like manner the 
mineral constituents of our soil are essential to and 
are found existent in our growth of plants. Now, 
these mineral constituents have their representatives 


in the bone, flesh and general tissues, and are greatly 
essential to the growth of the animal. Thus we find 
that while in the animal frame certain constituents are 
derived from the non-mineral parts of plants, we find 
others — as the phosphate in the bone, the alkaline 
earths in the flesh, and the phosphorus in the blood, 
the nerves and the brain — derived from and sustained 
by the mineral constituents of plants. While treating 
of the soil and of manures in relation to crops, we gave 
in the seiies of papers entitled “ The Farmer as a 
Technical Workman ” a statement of the constituents 
present in soils, and showed their relation to the plants 
or crops grown in them. From the following it will 
be seen that by the consumption of these crops those 
constituents are transferred to the animal. Thus, 
taking the blood of an ox as the representative of its 
life, — “ for the blood is the life thereof,” — and how 
this life is maintained by food, we see how necessary 
it is that the soil from which those food crops derive 
these constituents should be so economically treated 
that there shall be a good supply of them in the soil — 
thus in another direction illustrating the cycle of farm- 
ing work. Of those mineral or organic constituents 
of soils there are present in 100 parts of the blood 
of an ox, of phosphate of soda, 10-77 ; chloride of 
sodium or common salt, 59*34 ; chloride of potassium, 
6*12 ; sulphate of soda, 3*85 ; phosphate of lime and 
magnesia, 4*19; oxide and phosphate of iron, 8*28; 
gypsum, 1*45. 

The constituents of all “ feeding stufls,” as food for 
live stock is technically called, are classed under one or 
other of these two divisions : — First, the “ organic,” or 
those subtances which are capable, and, second, the 
“inorganic,” or substances which are incapable, of 
being consumed. Let us glance first at the organic 
substances of food ; and the first point which attracts 
our attention in respect to them is, that their con- 
stituents are classed under one or other of two 
subdivisions : — First, the “ nitrogenous,” and, second, 
the “ non-nitrogenous ” substances. The nitrogenous 
are also called “fiesh-forming” substances. In these 
nitrogenous substances the four elements of carbon, 
hydrogen, oxygen, and nitrogen are all present, and go 
to form what are called vegetable albumen, casein, 
fibrin, or gluten. In the animal we find repre- 
sentatives of all these — as in the albumen of the 
white of an egg, the casein in the curd of 
milk, and fibrin in the fibrous part of flesh. All 
these substances of plants go to make up, when 
partaken of by the animal, its fully developed frame, 
to form the blood, the flesh and the muscle, and to 
make up for the waste of the, animal tissues and 
supply their juices. In the non-nitrogenous substances, 
of food elements alone present are carbon, hydro- 
gen, and oxygen ; the fourth, nitrogen, being always 
absent. 
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TEE PAEMER AS A TECHVICAL WOEXKAH. 

His TooLf, Implemektb, Machikeb aed Materials. 

—The Principles op his Work in its Various 

Departments. 

CHAFl'EE V, 

Fropoied Arrangement of the Subject of the present Series 
of Papers.— General Treatment of its Details. 

In taking up in regular order, for a more or 
less detailed desciiption, the various departments of 
fanning as technical work, the leading features of 
which occupied our attention in the course of the 
preceding chapter, there are several methods of 
arrangement and treatment open to us. We might, 
for example, adopt the arrangement which takes up 
the whole gradation of farm work comprehended 
within the course of a year — either in the ordinary 
sequence of the months, beginning with January 
and ending with December, or in the more philo- 
sophical sequence of the months of the farming year, 
which begins with the preparation of the soil for 
seed sowing and the autumnal cultivation in the 
month of October of one year, and ends with the 
harvesting of the resulting crops in the month of 
September in the year following ; the breeding, rear- 
ing, feeding and fattening of live stock of all kinds 
running on throughout the whole of the year. Or we 
might take that arrangement of the complete subject 
which is most frequently adopted, and which, if it be 
not the most scientific, is, taken as a whole, the most 
i^stematic mode of treating it. Under this anttnge- 
ment, the materials at the command of the faimer, 
and with which and through which he carries on his 
work of crop cultivation and cattle rearing, we take 
in their sequence ; commencing, for reasons which will 
be obvious, with the soils, then going on to manures, 
thereafter taking up the subject of seeds, next con- 
sidering the various methods of preparing the soil 
for the reception of the seeds and the manures used 
with them, and the after-cleaning or weeding and 
cultivation of the crops up to a certain stage of their 
growth, and finally, the various methods of harvesting 
and storing up of the produce of the various crops. 
Incidental to, or forming rather an integral part of 
all those departments, the points of scientific interest, 
or rather the principles of those sciences which 
affect and control the practice of the farm, would 
also be considered. And in close connection with all 
those, the details of what may be called the per- 
manent work and appliances of the farm, such as of 
road-making, fencing, planning and erection of build- 
ings, drainage and irrigation, would be noted, together 
with the selection, use, and care of the wide variety 
of machines and implements now at the command 
of the farmer; while every detail connected with 
the selection, breeding, rearing, feeding, fattening 


and general management of the live stock would 
follow: the whole concluding with an explanation 
of the various points connected with what may be 
called the administrative or busmess economy of the 
farm; such as the management of labour, and the 
buying and selling of materials and stock, or what 
may be called the commercial aspect of the farmer’s 
calling. 

The Treatment of Several Department! of Oeneral Farming 
relegated in this Work to Special Papers on the 
reepeotive Snbjeote named. 

But while this last-named method of treatment 
might with advantage be adopted in a special and 
separate work, the reader will see that the general 
principle upon which our work is based precludes, 
and for obviously useful and practical reasons, its 
being followed. The main feature of the work is the 
giving in its pages a special and distinctly marked 
position to each separate technical trade, and to such 
of the many industrial processes of the kingdom as 
have been selected for description and illustration. 
Under this plan, therefore, it so liappens that many 
of the subjects we have just named as forming part 
of the general subject of farming, treated under the 
suggested plan of discussing it, have elsewhere in the 
pages of our volumes special places allotted them. Thus 
the details of drainage as applied to farm lands will be 
found described and illustxated in the special senes 
of papers entitled “The Land Drainer.” In the 
same way all the points connected with the employ- 
ment of water as a fertilising agent for crops, applied 
in a systematic way, will be met with in the series of 
papers entitled “ The Land Irrigator.” And so with 
the details connected with the roads and fences of the 
farm, which will be found illustrated and described 
in the papers which bear the title of “ The Hoad 
Maker.” Again, the aid of the engineer and 
machinist being essential to the providing of the 
farmer with the wide variety of tools, implements, 
and machines which the requirements of advanced 
agriculture demand, — and as so many points connected 
with these mechanical appliances come so peculiarly 
within the province of the machinist, while the trade 
which he has formed, considered merely as one which 
forms a large item in the general business of the 
kingdom, has reached to such a point of importance 
that the whole subject demands a special ti^tment 
of it, — this, therefore, will be met with, by those 
interested in the subject, farmers and machinists 
alike, in the series of papers entitled “The Agri- 
cultural Implement Maker.” And although not 
specially devoted to the subject, still much of practical 
value to the farmer in relation to his buildings will 
be found jjfnbodied in the various papers which bear 
the titlel^f “The Home Planner, “The Sanitary 
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Builder and Engineer,” “The Stone Mason,” “The 
Oarpenter,” “The Joiner,” “The Bricklayer,” and 
cognate trades and callings, such as “ The Plumber ” 
and “ The Painter ” ; and last, but not in any sense 
least, the highly impoiiant subject of the live 
stock of the farm, comprised under the general head 
of the Breeding, Bearing, Feeding, and General 
Management of the animals which make up a large 
part of the food of our population, are being treated 
of in a special series of papers under the title of 
“The Grazier.” 

From these statements it will be perceived that the 
treatment of the technical work of the farmer, so far as 
the present series of papers is concerned, will be given 
within much narrower limits than those traced in the 
method of treatment of the subject as a whole which 
we have above named. Thus narrowed in its scope, 
the subject will be treated under the following 
divisions : — First, the tillage or mechanical treatment 
of the soil as a means of preparing it as a seed-bed. 
Second, the soils of our farms, their different classes 
and peculiarities, chemical constituents, fertilising 
ingredients, etc., etc. Third, manures and manuiing 
substances, their action in the soil and on the crops, 
their different kinds or classes, chemical constituents, 
and use and management in the practical work of 
cropping. Fourth, the crops of the farm. 

The Working or Xechanieal Treatment, commonly oalled the 
Cultivation, and more aeonrately the Tillage, of the Soil. 
^Important Aid given hy the Meohanio and Maohiniet 
to the farmer in thia eaeential part of hie Work. 

Amongst the varied, and in charactei- varying aids, 
of the highest value to his practice, which the farmer 
has had placed at his command during the last three 
or four generations, none possesses so many striking 
features as the work done by the agricultui'al mechanic, 
as none has given him more practical help. This has 
been more notable during the last two or three decades, 
throughout which not only have the vast improve- 
ments made in workshop practice, aided by a wide 
variety of workshop appliances, machines, tools, and 
improved qualities of materials, enabled him to turn 
out in greater variety and in higher and more perfect 
finish the numerous machines now in daily use, but 
by the application of steam furnished him with a 
power for doing more work with greater economy, 
and opened up a future in all departments of farming 
of rapid progressive improvement, of which we have 
as yet obtained only a very remote and feeble con- 
ception. 

Otatral Yisw of tko Xeekaaioal Aidi at tko Command of 
tho f armor in earryiag out his Work of Tillage of the 
•oil.— The Plough, Harrow, Boiler, Cora Brill. 

It seems but a simple statement to make that the 
first agricultural work attempted would be to get the 


seed buried in the soil ; and yet, simple as this seems to 
be, it carries with it that long train of work, and the 
employment of those varied, and, even at this late day, 
ever-varying classes of cultural appliances, which form 
not the least striking feature of our modem agricul- 
tural exhibitions. Simple as the mere deposit of seed 
in the soil seems to be, it is in its philosophical or 
scientific aspects, and as offshoots of those in its 
mechanical outcome, anything but so. Ploughing — to 
start at once with the modem name for the operation — 
is indeed an art which involves the use of mechanical 
arrangements founded upon principles of a very high 
ordtir. These we shall have occasion to point out 
when we come to discuss the most recent forms of 
ploughs, and some of those important modifications 
which the necessities of a new and higher order of 
culture demands. 

For a long time the plough, for opening up the 
soil to receive the seeds, would be of the mdest and 
simplest form, and would do but little more service 
than simply to scratch the surface, or form ruts in it. 
Into these scratchings the seed would be thrown in 
equally rough and rude fashion by the hand. The next 
operation would be covering in, or up, of the seed so 
cast in, and this would probably be done by dragging 
over the surface the rough branches of a tree — repre- 
sented even at the present time by the “bush harrow” 
— and on the smaller scale simply by the hand alone, or 
aided by a branch of a ti’ee, still used in some farms. 
As time went on, and improvements were introduced, 
the plough would assume a form calculated to give 
seed beds with greater precision, both as to depth and 
breadth ; and the covering in of the seed would be 
effected by a frame, more or less rude, provided with 
teeth or “ tines,” which, while they would scratch or 
“ scarify ” the surface of the soil, would also cover the 
seed in more regular lines. In time it would come to 
be observed that in certain soils, and at certain seasons, 
the soil would get hardened into clods or lumps, and 
these would be seen to exercise a prejudicial infiuence 
upon the after growth of the plants. Means, 
therefore, would be sought for to reduce those clods 
to the condition of pulverised soil ; and this probably 
would be at first done by the simplest form of imple- 
ment — the hand-worked mallet of wood. In time the 
circular motion of a heavy body would be observed 
to be beneficial — suggested in pai’t by the pamllel 
working of the tree or bush harrow — and part of a 
trunk of a ti*ee w^ould be used. Thus, to the plough 
and .the harrow would be added the roller — such as 
they early and for long were. 

These-three implements would form — and so far as 
history is traceable, did form — for a long period what 
might be called the three rudimentary implements of 
agriculture. 
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TEOEVICAL FACTS ASH FXOUBES IH 
OCCASIOITAL NOTES. 

Embraoikg the Vabious Dbpabtmekto of Teohkioal 

ABD IBDHBTBIAL WOBK, BUCH AS MBOHAKICB AHD 

Machike Design and Conbtbuotion —• Building 
Design and Conbtbuotion— Genbbal Manufaotubes, 
AS Textile and Metal— Applied ob Manufac* 
tubing Chemistbt — Indubtbial Decobation-— 
Sanitaby Engineebing— Gabdening and Bubal 
Mattebs— Miscellaneous. 

100. XnsiUgt eonsidered in rslstion to tho Vslne of its 
Prodneo as a Food for Farm liyo Stock (see Note 149, 

p. 28 ). 

We stated at conclusion of last note under this head 
that it would seem, from what was then advanced, 
that this would involve a recommendation that silage 
in bulk was the only food to be used. But although 
this would appear to be involved in the statement, 
in reality it is not included in the method. We must 
bear in mind what we have already stated, and which 
we think of special importance, that the silage is not 
to be given as the only food, or in bulk, but is to be 
used along with other and ordinary or dry food, the 
silage giving the element of succulence, and more 
than that, its own peculiar feeding value. But by 
having different silos, each — or a set — devoted to its 
own particular crop of silage, a power of varying the 
food will be given which, after trial, will be more 
and more highly esteemed. Tlie more the point 
is considered, the more clearly it will be seen that 
much of the future of stock feeding generally, 
especially of dairy stock feeding, will depend upon the 
close study of the habits of the animals, and the 
application of this to the different details of their 
treatment. As a rule there has been vastly too 
much of the ** rule of thumb ” mode of treating farm 
stock — too great a satisfaction with old established 
methods, simply because they are old, and being so 
must be good. Our fathers before us did this : are 
we wiser than our fathers?” is a saying the spirit 
of which has influenced too powerfully those who 
have had to do with the breeding, the feeding and 
the general management of the live stock of the 
farm. We have heard much of the science of cattle 
foods, and to it farmers have been greatly indebted 
but there is a science of cattle feeding, concerning 
which we only remark here that it is one which 
involves, roundly stated, vastly more than chemical 
considerations, — ^physiological points as well. And 
we have little hesiiation in saying that it has been 
to the great loss of the farmer that physiology has 
played so trifling a part in the general science ^ the 


farm. So trifling, that many smile, some indeed sneer, 
at the mere mention of this science as one which ever 
can possibly have anything practically to do with 
farming. 

With reference to one pmt which has been raised 
in connection with ensilage food, it is necessary to 
make a remark. This point, or rather objekion 
which has been raised to it, is that the use of silage 
has a tendency to interfere with the breeding powers 
of live stock. How this notion has arisen has not 
been recorded; we suspect that it took form and 
shape with, and was promulgated by, one of that clAAg 
whose chief pride seems to be in not merely pooh* 
poohing new things generally, but in trying to find 
out some special point in which they are defective. 
And this they usually act upon in such a way as to- 
give it a specious appearance, as if there were a vast 
deal of truth in it — taking care that the objection 
is connected with a point of great importance per se, 
such as the one we are now considering. People of 
this class are not unknown in farming, any more than 
in other classes of work, and they do infinite mischief. 
It is diffcult to see why silage should impair or 
affect physically the breeding powers of stock, the 
only point which is apparently vulnerable being that 
the silage is a fermented food. But not only analogy, 
but a pretty wide range of experience, would show 
that in place of the peculiar kind of fermentation 
which silage undergoes acting prejudicially upon 
animals, it should have the reverse influence. If rye 
greatly diseased with t^at disease known as “ ergot ” 
were used exclusively as the silage food, we might 
conceive that it would have a tendency to produce 
abortion, as in cows ergot of rye has an unfor- 
tunate tendency in this direction. But the objection 
which has been made to ensilage food is not on this 
specific and narrow ground ; it is wider in its scope 
or range, implying that its use has per se a prejudicial 
influence on the breeding capability generally. It 
is only right to say that such experiments as have 
as yet been made to test this point specially, have 
shown decidedly that silage, if properly used — that 
is, with care and forethought — has no tendency in 
the direction named. And this proper use of rilage, 
while it involves more points than one, includes ae 
the most important that to which we have already 
drawn pointed attention — namely, that the silage be 
not given as the only food, but that it be mixed with 
other foods. And as a general rule, which may be 
safely follojUd as regards the physical or mechanical 
condition m the foods, used together — silage being 
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the succulent element, indicates that the other food 
should be dry. 

151. Xtseat BsmstoIim into tbe ITature of ViiotioA. 

We concluded our last note on this impo^nt sub- 
ject (vol. ii., p. 242) — than which there is none within 
the range of physical science more directly interesting 
in all its aspects to machinists^ — by some remarks as to 
the friction of quiescence, to which we would counsel 
our young reader again to refer. We concluded by 
saying that Morin found the ** friction of quiescence ** 
so called was subjected to variations which are not 
met with in the friction of moving bodies, or what 
may be termed the ** friction of motion.” This uncer- 
tainty as to results did not seem to depend upon or 
be under the influence of the extent of the surfaces 
in contact, for in the experiments made with bodies 
the surfaces in contact of which were alike in extent, 
but under diflerent pressures, the ‘‘coefficient” of 
the friction — that is, the ratio or proportion of the 
friction to the pressures — varied very much. Had 
‘ this variation in frictional eflects independently of the 
surfaces in contact been found to have been a charac- 
teristic of bodies in motion — that is, in which the 
“friction of motion” existed — General Morin might 
well have despaired of finding out or formulating rules 
for the guidance of mechanics dealing with machinery, 
in which of necessity the chief feature is motion in 
its various parts. Fortunately this uncertainty as 
to the friction which was found to exist in the case 
of what is called the “friction of quiescence,” or of 
that which may be termed “ statical friction,” was not 
found to exist in the manifestation of the friction of 
motion, or what may be termed dynamical friction. 
For as the result of an extremely wide range of 
experiments, and doubtless to the great satisfaction 
of M. Morin, as removing a difficulty in formulating 
precise and definite principles and data, which other- 
wise had been insuperable, he found this. That the 
slightest change in the relative position of the two 
surfaces in contact, the slightest jar or shock to which 
the bodies in contact were subjected, brought about 
at once a total and complete change in the con- 
ditions of friction; the new condition thus created 
•possessing features or characteristics quite different 
from those of the friction of quiescence, and belonging 
wholly to the friction of motion. Different in this 
altogether important and satisfactoiy respect: that 
whilst we have seen that the friction of quiescence is 
subject to great variations, in no way dependent upon 
the extent of the areas or surfaces in contact— inas- 
much as the coefficient of friction, or the ratio of the 
friction to the pressure, was different, although the 
surfaces in contact were the same— the new experi- 
ments showed beyond all doubt that when the bodies 
in contact were changed in condition, so that from 
the position of the surfaces, slight shodos or jars were 


given to the bodies, the friction obeyed laws which 
were distinguished by remarkable precision and defi- 
nite characteristics. And this not only in regard to 
the dimensions of the bodies, or the area or extent 
of the surfaces in contact, but also with regard to 
the pressures to which they were subjected. To make 
certain this important fact, or rather in order to 
show that it is a fact, not a mere assumption, 
General Morin instituted a seiies of experiments 
which gave an extremely wide range of variaticms in 
character; and he found in all that the laws domi- 
nating the friction of motion were entitled to be so 
called, as they possessed the necessary character of 
unvarying precision. How fortunate this was for 
the machinist the young reader will perceive, inas- 
much as motion in the parts of machines — ^that is, a 
change in the position of the surfaces in contact — is 
their chief characteristic, and this motion may be 
further conceived to be a continuity of the slight 
shocks or jars which M. Morin found to be necessary 
to create the condition designated as the friction 
of motion. The “laws” formulated by this distin- 
guished authority, and which, as we have said, were 
accepted and acted upon by practical men, and domi- 
nated the minds of the great majority of engineers 
and machinists up to within quite a recent period, 
are as follows, (a) That the friction created by or 
which accompanies the motion of two surfaces in 
contact, and between which there is no lubricating 
substance or unguent interposed, bear always the 
same proportion to the pressures or force to which the 
bodies are subjected and by which they are pressed 
together in contact — and this whatever be the amount 
of the force or pressures. In other words, the ratio 
of the friction to the pressure is invariable ; and this 
is, as we have seen, technically called the “ coefficient 
of friction.” And this varies with the nature of the 
substances or bodies in contact : the coefficient of 
friction of a cast-iron body in contact with and in 
motion upon another body also of cast iron being 
diffbrent from the coefficient of a body of cast iron in 
motion upon another body of brass. The second law 
formulated by M. Morin was {h) That the friction 
of motion is quite independent of the area or extent 
of the surfaces in contact. The next was (o) That the 
ratio of friction to the pressure, or the coefficient of 
friction, varies with the conditions under which the 
bodies are placed. Those conditions are three in 
number — the coefficient being in each separate con- 
dition dr state invariable throughout; but it is 
essentially distinct and different in the three different 
conditions or states. These are as follows : (1) Where 
the surfaces are simply unctuous or what may be 
called greasy, and intimately or very closely in con- 
tact; (2) where there is an unguent or lubricating 
substance interposed between the surfaces in motion — 
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that is, the condition known as ordinaty lubricatioD, 
as where oil is passed through the cap of a pedestal, 
passing downwards to and oiling or lubricating the 
journal or bearing of the shaft more or less unequally ; 
and dually (3) where the two surfaces are wholly sepa- 
rated from each other by an interposed stratum of the 
lubricating substance or unguent — ^that is, for example, 
where the journal of a shaft is, so to say, suspended 
in a bath of oil — the surfaces, that of the journal and 
those of the brasses or bushes, being thus prevented 
from coming in contact by the stratum or film of oil 
or other lubricating substance. These conditions or 
states bring therefore into existence this considera- 
tion : that the second law (6) — namely, that friction is 
independent of extent or area of surfaces in contact — 
must be taken or received in the case where a lubri- 
cating substance is interposed, as in (3) under third 
law (c), only within certain limits. For the young 
reader will perceive, in thinking out the condition 
named in (3) under third law (c), or that in which 
the one surface is prevented from coining in contact 
with the other surface by the interposed stratum of 
a lubricating substance, that whilst under a certain 
pressure this condition will be maintained, and the 
body suspended, so to say, by the stratum of the 
lubricator, that pressure may be so increased that 
the lubricating substance, as oil, may bo squeezed 
or pressed out ; and this to such an extent that this 
condition (3) may be changed into the condition 
(1), both under third law (c), and which condition 
is that in which the surfaces are simply unctuous 
or greasy, but in intimate contact with each other. 
Bo long as those two distinct and dilTei'ent condi- 
tions, (1) and (3) under (c), exist, the second general 
law of friction {h) holds good — namely, that it is 
independent of area or extent of surfaces in contact. 
But it is obvious that the transition state brought 
about by the incmise of pressure, where condition 
(3) is passing into condition (1), both named under 
(c), must be represented by different stages, so to 
say, beginning with the period when the squeezing- 
out or increased pressure is put on, and ending when 
it is completed. For with the interposed stratum of 
lubricating substance the one body is sustained, or so 
to say suspended, under the given or normal pressure ; 
but when the condition is changed, the portions or 
parts of the surfaces so suspended become continually 
diminished; the portions or parts of the pressure 
which press or bear, so to say, upon each part 
or element of the surfaces in contact will then 
be continually increased, giving a succession of stages 
to the transition state between (3) and (1) under 
(c), till the whole of the interposed stratum or 
suspending him is pressed or squeezed out, and the 
condition of (3) changed into that of (1) under (c). We 


thus see that there are three conditions of friction 
into wliich sui'faces of bodies in contact may be made 
to pass, or under which they exist ; and that in each 
condition the coefficient of friction — or ratio of friction 
to pressure — is the* same ; but that this coefficient is 
essentially different from that of another condition. 
This was illustrated by a very complete series of facts, 
the results of experiments made by General Morin, 
showing the coefficient of friction of a wide range of 
bodies in contact, all of which have been accepted, and 
published, not always with an acknowledgment of 
their source, by almost every writer on the subject, 
from the time of their publication by M. Morin till 
now. We now come to the fourth and last law of 
friction formulated by General Morin — namely, {d) that 
the friction of motion of all the states or conditions 
under which two bodies are in contact, (1) (2) and (3) 
under third law (c), is quite or altogether independent 
of velocity, or the rate or speed of the nhotion. This 
statemeiit of the investigations made by General 
Morin into the nature of friction, and of the laws 
which he deduced from them and formulated, brings 
us to the more or the most recent investigations and 
experiments which form the basis of this series of 
notes. What has yet to be given about thiese will be 
found in succeeding “ notes.'' 

162. When the Breadth, the Thiokaess, and the Weight are 
given of Wrought Iron Platee, to find the Length. 

Take the breadth and multiply it by the thickness, 
and with the product as a divisor, divide the result 
by multiplying the weight by 3'6; the quotient is 
the length required. 

168. Weight in Poundi of a Bquare Foot of Oast Iron of 
Thiokneiiei from If up to 8 inohei. Note No. 80 
(.8), vol. i., p. 188.] 

inch thick = 60*93 lb.; 1|" = 65*62; 1|" = 
70*31; 2 inches thick =75 lb.; 2J" = 79*68; 2f= 
84*37 ; 2g" = 89*06 ; = 93*75 ; 2g" = 98*43 ; 

2f = 103*12 ; 2|" = 107*81 ; 3 inches thick = 
112*5 lb. per square or superficial foot. 

164. Borew Threads in Use. French Common Standards. [Fee 
Note No. 103, p. no, vol. ii., for “Whitworth” stan- 
dard.] (1) Diameter in Millimetres. (2) Pitch in 
Millimetres. 


0) ! 

(2) 

(1) (2) 

(1) 

(2) 


0*5 

15 2 

82 

3-5 


0-75 

18 2*5 

85 

4 


0-75 

20 2-5 

37 

4 


1 

23 3*0 

^0 

4 


1*25 

24 1 — 

A2 

4*5 


1*25 

25 1 80 

45 

4*5 



28 1 8 

47 

5 

10 


30 1 3-5 

50 
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1*76 
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VfBB 1!B0BVI0AI mnOSTB OTTEOBircnOI 
TO TEE OEWBEATi PSnrOIPLES OF 
KEOHAVICS. 

LaWB AFFBOTIKO NATUBAI/ PHXNOV]fifrA--~KAl!TBB 
AND Motion. 

CHAPTEE XrX. 

'Tbb same principle named at end of last chapter 
aA ezempMed in the loosening of fast-bound nuts of 
acrew bolts is exemplified in the simple process of 
releasing the glass stopper of a bottle which has 
got “ fast " in the neck.*' By applying heat — more 
than one way xnay suggest itself to the student ox 
. .doing this — to the outside of the neck, if all round 
it, the glass of this part will expand, and this con- 
siderably before the stopper itself feels the influence 
of the heat, and expanding, will force itself, so to say, 
from the surface of the stopper, which will then be 
loosened. If we suppose that the stopper was at the 
same time cooled below its normal temperature, it 
would contract, and the contraction proceeding along 
with the expansion of the neck would make the opera- 
tion of releasing the fast stopper the more quickly 
4one. The reader, as he advances in the practice of 
his art, will find its principle as exemplified in this 
simple case still more practically so as regards the 
phenomena of contraction and expansion. In the 
case of the bar or rod of iron above cited, and, indeed, 
in all bodies in the? ordinary condition in which they 
exist, the forces of attraction and repulsion may be 
•considered as exactly counteracting each other, so 
that there is a balance maintained between them. 
And it is only by changing this normal condition 
that the balance is destroyed, and according to the 
character of the change, we give to the one force a 
greater power than the other. 

Bilatatioa— Expansion of Bodies. 

This we have exemplified in the case of the bar ^rst 
heated and then altered to cool — ^the heat giving the 
repulsion or the acting power, its withdrawal making 
the contracting. The term dilatation is derived directly 
{rom the French verb dUater, and this from two Latin 
words, disy and latvsy wide. Dilatation may therefore 
he defined as the expansion of a body through the 
"widening" of the spaces between its particles or 
molecules. And a further light on this, and the cause 
Off* the condition, may be gathered from the fact that 
the term latu$y wide, is the past participle of the 
verb jferre, to oarry~the widening effect being the 
carrying of the heat to the particles of the body. 
The word "expansion," which we have said is prac- 
tically a popular one for dilatation, is derived directly 
itom the Latin verb eiiiy?emderey and this from ex, 
pemdere, to spread out; so that expan- 
sion means that condition of a body in which the par- 
tjbbs are fli|>rea4 out frewn each other. Oontraction,^' 


which is the converse cx oppotite condition to expan- 
sion, is derived directly from the French ixm^racter, 
and this is derived from the Latin words con, with, 
and trdherei to draw or pull. So that the term means 
that a body is in that condition in which the particles 
are drawn or pulled dose together with a certain foroe» 
which in the instances above named is tbo reduction 
of the temperature of a body, or the lessening of that 
heat which was before present in it. In the preceding 
paragraph we have given a few illustrations of the way 
in which the contraction and repulsion of bodies are 
exemplified in mechanical work. Simple as these illus- 
trations were, they contain the germ, as it were, of a wide 
range of facts in connection with the practical work of 
the mechanic. It may, indeed, be questioned whether 
there be any more important branch of mechanics than 
that illustrating the laws of contraction and expansion. 
Those in one sense may be said to be convertible 
terms — at least, in practice they are frequently so; 
in some structui'es which are wholly metallic, and 
which are therefoi'e good heat conductors, and because 
so good “ receivers, " as wide as good “ dispensers " or 
givers-out of heat, the two conditions of contrition 
and expansion are continually interchanging. So much 
so that it is the literal truth that there is no metallic 
sti'uctui'e, be it the framework, say of a machine, or of 
a bridge, of which it can be said that it is at any time 
at rest. There is, on the contrary, a continuous 
movement, but varying both in direction and in extent 
according to the variations of temperature, which 
practically is never at any stated degree. And by 
delicate adjustment of apparatus the structure could 
be made to register or record all its movements and 
their amount. It is thus difficult to say in what part 
of a machine, or what is called a stable structure, 
some of the phenomena of contraction and expansion 
may not be operating to bring about a change which 
may be more or less disastrous to its life or working 
capacity. It is therefore the duty, of the mechanic to 
be careful that he so designs the paits and so arranges 
the details of the construction of the machines he 
deals with, that those chairactenstics of the materials 
he uses which we are now treating of may be 
prevented from so displaying themselves as to bring 
about what every mechanic in large practice knows 
but too well the danger and the costly nature of — 
namely break-downs.'* 

Oentrs of Gravity. 

Before proceeding to place before the youthful 
reader various points connected with the motion of 
bodies which have a direct and special bearing on 
certain principles affecting mechanical work, such as 
the way in which motion is modified by changes in 
the shape or form of the moving bodies, etc., etc., it 
will be as well to take up at this point the subjects of 
" Centres of Gravity " and " Specific Gravity.” And 
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first as to the Centre of Gravity/' If the young 
reader has carefully read — which, according to the 
views enunciated in the papers in this work given 
under the head of ** The Technical Workman as a 
Student ; How to Study and what to Study/' is a term 
equivalent to carefully considered or studied — what we 
have written on this subject, he will have no difficulty 
in understanding this statement. In every body, no 
matter how bulky (see ** Bulk ” in a prece^ng para- 
graph) or massive or large, and no matter how great 
its weight (see ^‘Weight") — ^that is, however heavy, 
and whatever may be its shape, figure, form or con- 
figuration, there is a point in it in which that weight 
is, so to say, concentrated, and which has a precise and 
definite relation, and one uniformly maintained so long 
as its weight and shape remain unaltered, which, if acted 
upon by a force, or upon which if power or energy be 
exerted, will influence the whole mass of that body. 
(See ‘‘Mass,” in a preceding paragraph.) This is 
equivalent to saying that, if a body or mass of mate- 
rial be at rest, and a force or power be applied to this 
particular or definite point calculated to put that 


but another way of stating that this definite point w# 
have so far been considering as present in every body, 
is its “centre.” This term is derived from the Latin 
word centrum, and this again comes from the Greek 
kmtrin, to prick, as with a needle, or make a point ; 
just as one would, in making the central point or 
centre of a circle, prick off a point with a needle or 
sharp point of the leg of the compasses with which 
he described the circle ; and this he would say, and 
say truly, was the “ centre ” of the circle. This illUflh 
tration, referring, as it does, to surface only, the 
young reader may easily understand j but it may not 
appear to him so apposite, or easily comprehended, in 
the case of a solid body, such as a globe or sphere, or^ 
to give it its familiar name, a ball. But if he will 
think it over a little, he will see that the “ point ” we 
have been explaining as belonging to all bodies must^ 
in the case of a ball or globe, be in that portion in 
which the moss of molecules at all positions are equally 
distant from it ; so that, to give a graphic illustration 
of the point, if any port, as a, be taken distant from 
6 (see fig. 6), the mass e will be at a distance from 



Fig. 



point in motion, the whole body or mass will be put 
in motion. The converse of this is also, and must be, 
equally true : that if the body or mass be already, or 
supposed to be already, in motion, thmi, if a force be 
applied at that point sufficiently powerful to stop or 
arrest the motion of this particular definitive point in 
the mass or body, the motion of the whole body or 
mass will be arrested. If the young reader will 
think over what is involved in these statements, he 
will perceive that they come to the same thing as 
saying, or they mean, that the mass or series of mole- 
cules of which the body is composed has those mole- 
cules so disposed that they must be distributed equally 
all round — ^to use a familiar phrase which gives a dear 
idea of what is meant — that point. In other words, 
that there will be no greater number of molecules, or 
no greater weight of materials, at any one side of the 
body than at another; and this will be true at all 
parts of the body. This will enable the young reader 
to see dearly, what he might not have done on 
first consideration of the subject, that this “ point,” in 
all bodies, must be, to use the popular and easily 
understood phrasoi central to thoso ^ dies— which is 


it of the same length, just as c, d, and e are 
equally distant from b. This point b is the centre of 
the ball ; and, if the young reader will consider it, he 
will see that if the ball were somehow or another 
suspended from that point b, it would be said to be 
balanced. The same holds true of any solid body,^ 
whatever its shape may be ; equally true of a cube, of 
which all the sides are equal, as e f g h ij 
the centre of* this being a point in which the lines 
passing through the points k, I, m, of the sides would 
intersect each other within the body or mass of the 
cube. 

It is obviously more easy to decide where this cen- 
tral point is in the case of a regular body, such as the 
globe or the cube, or as in the prisms, rectangular as 
at n, or triangular as at o, than it is in the case of 
bodies or masses such as q and r, which do not 
assume the form of any of the bodies known as the 
geometrical or regular solids. But such bodies, how- 
ever irregular, have also them' central or b alancing 
pwts. The young reader may have some difiSculty in 
cIRiprehending how such solid bodies aa we We 
shown in fig. 6 oui be balanced, so to say, upon, or 
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be gUBpended from, the central point, which is witJim 
the mass. But he will more readily understand the 
point under consideration if he take the case of a thin 
flat board, of which a 6 in fig. 7 represents the flat 
or upper side, and o d the edge. By drawing lines 
to the opposite corners, the point e of their inter- 
section will be the point on which, if the board be 
placed on a sharp-pointed support, /, it will be 
found to be balanced in all positions it may be 
made to assume. This balancing point will only, 
however, be in the position at s if the board be of 
equal thickness throughout its whole length, and be 
made of wood equally heavy throughout. If the end 
e 6 is through any cause heavier than the end e a, 
then the balancing point e will have to be moved 
nearer the end, say to g, before it can be balanced, 
as at A, in the same way as it was balanced on 
the point e at /. And if the young experimenter, 
with a board, as a h, having its end e b heavier than 
the end e a, assumed that the point e at the inter- 
section of the diagonals was the centre of balancing, 
on attempting to support it on the needle-point /, he 



would find that he would not succeed. For although 
it is true that the point 6 is a centre, it is only the 
centre of the surface of the board a b, with the end 
e b heavier than end c a ; it is not the centre of the 
weight of the body, which alone is the point which we 
for the present call its balancing point. The principle 
here involved is that it is not the circumstance or 
quality of the “ dimensions ” of a body Or mass which 
decides the position of this central or balancing point, 
but that of the ‘‘ weight or, as the popular phrase 
is, its heaviness — only. As this principle is of import- 
ance, we further illustrate it by simple diagrams in 
fig. 7, in which i is the centre of the surface of the 
same board, j klm being the point of intersection of 
the diagonals m A, j 1. If the board be of equal 
thickness, and the wood also homogeneous throughout, 
then this centre of dimension will be the balancing 
point, as shown at n. But if the side k I oi the 
square board be heavier than m j, as by having a 
dieet of lead or another piece of wood fastened to it ; 
or if the side k Z be thicker, as at o, than j then, 
while the centre of surfo/ce'’ or of dimension" 


6 » 

remains as before — this being always definite with the 
definite shape — ^the centre or balancing point will be 
changed, as at o. The same holds true of any form — 
say of a circular board, the centre of dimension or 
surface of which is obviously the centre of the circle. 
And this will be also the centre of balancing " or 
“ centre of weight,” if the circular board be of equal 
thickness and density throughout, as at ^ ; but if the 
disc or board be weighted, as at r, or be made thicker, 
as at a, then the centre of weight, or balancing point, 
will be different from that of the centre of surface or 
dimension. 

Further Point! connected with the. Centre of Gravity or 
Centre of Weight, or the Balancing or Central Point 
of Bodies or Kaasei. 

In the preceding paragraph we have illustrated the 
method of finding the balancing point of regularly- 
shaped bodies : in now showing how irregularly-shaped 
bodies can have their balancing or central points 
obtained, further points connected with what, in the 
principles of mechanics, is called the “ centre of 
gravity,” will be explained. Let ab c dy fig. 8, be 
the body with an irregular outline. Let c/ be a plumb 
line or plummet, which can be simply made by securing 
some heavy body, as a piece of lead (see the “ Disserta- 
tion to the Technical Dictionary,” forming part of 
this work, for derivation of plummet or plumb line), 
to the end of a piece of cord ; or, if the body be 
small and light enough, hold it in the one hand, 
keeping the extremity of the cord of the plummet 
firmly fixed at any point, e, near the outer edge; 
and allowing the plummet / to hang freely. Draw 
a line lightly along the cord e p, so as to mark 
accurately its position across the surface of the body. 
Change now the position of this, and suspend it, as 
before, with the extremity of the cord held at some 
other point, as g, allowing the plummet i to bang 
freely. Then mark the position of the plummet line 
g h across the surface of the body. This will now 
have two lines, as n ly k m, on its surface, intersecting 
in the point o. This is the balancing point of the 
body a b c d.' In like manner the point p is found 
for the irregular body q r. Any weight, as < in 
fig. 8, suspended by a flexible cord, u v, and allowed to 
hang freely, always hangs vertically — that is, the line 
of suspension, as v, is always a true perpendicular to 
the horizon, represented by the horizontal line x y. 
Hence “plumb” or “plummet lines” and “vertical 
lines” are synonymous, meaning precisely the same 
thing. And the mechanic’s plumb line is the means 
of finding truly vertical lines — that is, perpendicular to 
the horizon or ground level; and what is called the 
“mason’s level ” is simply a frame in which a small 
plummet is suspended, by which he knows when his 
wall or other surface is level — that is, parallel to the 
horizon or at right angles to a plumb or vertical line 




TEE TEOEEICAl STUDENTS INTRODUCTION TO MECHANICS. 


eo 

-rliom the circumstance that when the hese of his at oue point ; if the globe be larger it will rest upon 
appliance is placed or rests upon the horizontal or more than one point or part of the surface ; and if 
tr ^7 level wall surface, the plummet hangs vertically, the globe be very large the flat body will seem to rest 
VtO'm what has been said on the subject of the upon a very extended part of the surface of the* 
attraction of gravitation*’— or, as it is more simply globe — as ii that surface were flat, like the body 
eaUed, gravitation” — ^in preceding paragraphs of the resting on it. Now, our globe is of dimendons so 
present paper, the young reader knows that if a body enormous, as compared with any structure which man 
be suspended at some distance from the ground lev^ builds or erects upon it, that to all practical purposes 
and allowed to drop, as the plumb e in fig. 8 would it is a dead level— so t^t all lines or surfaces pa^rallel 
drop if the cord u v were suddenly cut, it will fall to it are called level ” lines — which means that they 
towards the ground, and this in a vertical or plumb are horizontal, as being parallel to or coincident with 
line, which, if continued indefinitely, would pass the horizon, which is a line supposed to stretch right 
through the centre of the e^h, which is virtually across the visible Circle of the heavens at the level 
the centre of the attraction of gravitation, so called, of the surface of the earth or globe. These points 
Prom this tendency in a body to fall or gravitate — now given, the youthful reader will see as we 
which, popularly phrased, is in virtue of its weight proceed, have a very practical bearing upon stability 



Fig. 8. 


or gravity — it follows that if the body, as at t, 6g, 8, in construction of all kinds — in other words, on security 
be prevented from falling till it reaches the final in all the structures which man erects or builds. And 
point of all falls, drops, or descents (namely, the they arise from the tendency which all bodies have 
earth’s surface, or some body resting on this), and to fall to the surface of the earth — that is, to pass 
this because of its being suspended, as, say, by the through a space between what is called popularly a 
oord u V, the body, tc, must always be below the high and a low level — ^if allowed to fall or drop. And, 
point of suspension ; and the centre of balancing, as as we have seen, all bodies are dominated, so to say, 
V in fig. 8, must be a point on a line passing vertically by a central point, which we have hitherto called a 
from the point of suspension, w, wUch, if continued balanc ing point, or centre of weight, and which last 
indefinitely, would pass through the centre of the expression is equivalent to the one generally used— 
^rth : in other words, the line, as v, would be the centre of gravity.” And we have seen that ibis 
vertical, as a plumb line, or at right angles to the centre varies in position in relation to the mass or 
horizon* All cardes— and the periphery of a globe is btdk of the body ; emd it is again on the relation this 
a circle— are polygons made up of an infinite numbei* ** cenjjjpe of gravity or^ “ balancing point ” of bo^es 
of short straight lines. Any long flat bodyiesting on beawto the earths ^oy surface on which 

the surface of a small globe may toudbi it apparently bodies reirt, that their stahilifyor depends^ 
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CHAPTER XV. 

At the end of the last chapter we named the con- 
stituents of food known as non nitrogenous.’’ 
These substances are gum, pectin, sugar, starch, 
and fat, and they also find their representatives 
in the constituents of the animal frame. These 
non-nitrogenisod substances go to keep up the 
warmth of the animal by promoting respiration, 
and add to the fat of the animal. They have thus 
had the name given to them of ‘‘heat-givers,” of 
“respiratory compounds,” and of “carbonaceous 
constituents.” The last name is indicative of what 
Dr. Lankester, an able expounder of the chemistry 
of food, has called them — namely, the food which 
keeps up the animal heat. This heat is represented 
by a normal temperature of 90 ° Fahr. 

The constituents of the ash of plants, useful in 
food, are chiefly the lime and the phosphoric add 
which supply the constituents of the bone the salts 
of potash, which help to keep up the juices ; and the 
phosphate of soda, the blood of the mineral frame. 
Dr. Voelckor, the distinguished Professor of Agri- 
cultural Chemistry, and the consulting chemist of the 
Royal Agricultural Society of England, thus sum- 
marises the two classes of nitrogenous and non- 
nitrogenous substances of plants: — 

“ Nitrogenous substances ; vegetable albumen, a 
substance identical in composition with the white of 
©gg‘ Vegetable fibrin or gluten : a compound 
occurring in considerable quantity in wheat, and 
giving elastidty to the dough made with wheaten 
flour. Vegetable casein; a substance identical in 
composition with the curd of milk. Legumen ; a 
peculiar vegetable principle, which derives its name 
from its occurrence in large quantities in peas, beans, 
and leguminous seeds. Non-nitrogenous compounds : 
all oily and fatty matters, starch, which constitute the 
priadpal part of wheaten flour, oat and barley meal, 
rice, Indian com, and the dry matter of potatoes. 
Sugar — which abounds in mangolds, carrots and 
turnips. Gum and mucilage — constituents of every 
kind of food. Pectin ; the jelly-like substance which 
is found in carrots, mangolds, turnips, and many other 
bulbous roots. Oelluiar and woody fibre : substances 
which constitute chiefly the bulk of straw and hay, 
and occur abundantly in every other vegetable 
produce.” 

The aah^ or inorganic oonstStuents of plants are 
df the utmost value in the fieeding of animal^ 


although the popular notion of vegetable substances 
points to the oondusion that what are called xxunerals 
form no part of ithem — incapable of decay or^ com- 
bustion. On the other hand, in relation to the flesh 
and the blood of animals, the pc^iilar notion is pre- 
cisely in the same direction, and that they, like the 
vegetables, if left to decay, or if consumed, would 
totally disappear, leaving nothing behind. Yet we 
find the blood of grass-eating or herbivorous animals, 
as the cow or the horse, rich in alkaline (wbona^ 
and in chloride of sodium or common salt ; and those 
carbonates and this salt we find largely present in the 
grass and the green crops they eat. Apart from 
their mineral constituents or ash, the organic part of 
plants, that is the part which can decay or be burned 
completely away, is of not the slightest value as 
food for animals. If we can conceive of some 
method of depriving them of their mineral con- 
stituents, the grasses in pasture, the hays made from 
meadow grasses and clover, or the turnips or other 
roots used now by animals, would be intuitively 
rejected by them as utterly valueless as food. There 
are some food substances in which certain constituents 
are lacking (such as the white of eggs, which is purely 
albuminous), and which are therefore valueless in 
the production of , blood ; so that an animal would 
literally starve if fed solely upon this — if indeed an 
animal could be got to partake of it after the first or 
the first few trials, as he would intuitively feel that 
there was no use, so to say, in feeding on, or rather 
taking it, for feeding would be impossible. 

Substances, therefore, to be useful as a food, must 
contain all the principles or constituents necessary 
to maintain and suppoi't life, by supplying all the 
elements of the body. And just [as we have seen 
that there are cert^ substances in which certain 
constituents are wholly absent, so we find that while 
there are others in which are found the constituents 
required to make them nutritive or life-supporting, so 
that on animal would not actually starve while eating 
them, still those nutritive constituents are so un- 
equally distributed, and some are so sparsely or 
slightly present, that the animals using them would 
not, however, thrive, or at least would not fatten. 
It is this inequality in the amount or percentage of 
nutritive constituents in food substances which creates 
the difference in their feeding value. And it is this 
circumstance which leads the farmer or stock breeder 
to look out for and give to his animals those feeding 
.substances which are most nutritive, or certain con- 
stituents which will keep them in the best health 
while they will continue to improve in conditicm. 
And in doing this his own experience is greatly aided 
by the likes and dislikes in the way of feeding whieh 
his animals display. This may be caUed the art of 
farm-stodc feeding. We have seen how all food 
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sabstanoes are made up or composed of a variety of 
eoustituenta, all of which go to make up their nutri* 
tive value, a^d that those constituents vary in differ- 
ent plants j the farmer or stock breeder, aided by 
the researches and the results of the investigations . 
made by the agricultural chemist, endeavours so to 
arrange his feeding systems that he will in the 
foods which constitute them secure the maximum of 
feeding results with the minimum of cost This con- 
stitutes the science of farm-stock feeding. To the 
details of this, the art and science of cattle or stock 
breeding, and of the various foods and feeding sub- 
stances which are at the command of the farmer, we 
now proceed. 

In the general statement of the theory of cattle 
foods and feeding which we have now given, the reader 
will have perceived that in the classification of the 
constituents of foods two divisions are marked off, 
having what appear to be veiy clear and sharply defined 
limits, separating the one from the other. Stated 
generally, those are the albuminous, nitrogenous, or 
protein, and the carbonaceous or non-nitrogenous 
compounds ; the first of these classes being otherwise 
known as flesh forming,” the second as fat pro- 
ducing ” or respiratory elements. When the celebrated 
German chemist Von Justus Liebig propounded his 
theory of food and feeding, on which the modem science 
of farm-stock feeding is based, such was the accuracy 
of the chemical investigations and analyses upon which 
the theory was based, and such the style of argument 
which that ablest of modem chemists and most grace- 
ful of scientific writers adopted, that the agricultural 
world almost universally came to the conclusion that 
a new era of agricultural progress was opened up, 
in which the practice would be so definite and precise 
in all its details, that with certain given meanS/ a 
certain end could bo reached; thus raising farming 
to the position of a fiixed science, in which with certain 
factors certain results would be obtained in all its 
calculations. Hence the expectations raised in the 
minds of so many by the expositions of Liebig as to 
what the science of agriculture as expounded by him 
would do for their practice were of the most vague 
and extravagant character. And this led, of necessity, 
to a painful reaction when the stem facts of practice, 
modifying materially the indications of theory, came 
to the front and asserted their power, so that from 
thinking too highly of what agricultural science could 
do for the farmer, in that it could do ail he wished, 
the agricultural mind decided that it could do nothmg* 
But as calmer and juster views of the whole subject 
gained ground, it was seen that while the new science 
could not do all for the farmer in his practice, it could 
do a vast deal. And time has proved the accuracy of 
this view ; and it is now admitted on all hands that 
to Liebig and his ‘theory of cattle food and feeding, 


as part of his general system of agricultural science^ 
modem farming is under the greatest of obligations. 

While the accuracy of the chemical investigations 
made by liebig was never called in question, there is 
now no doubt that he erred — end in so doing did the 
true value of his system much injury — in applying 
his theory too rigidly, forgetful that the circumstances 
of daily practice possessed modifying influences of 
great powers. Thus, in assigning to certain consti- 
tuents in food the duty of forming flesh only* and to 
others that of producing fat only, there is no doubt 
that Liebig erred. So also in determining the values 
of the different constituents, considering them in his 
calculations as definite factors giving definite results. 
In both oases he erred in considering the subject 
wholly from a chemical point of view, forgetful of the 
fact that it is largely influenced by physiological con- 
siderations. For, as has been well remarked, animals 
are not like the test tubes and apparatus used by 
chemists in their analyses — in which if certain sub- 
stances are placed certain combinations are formed. 
These combinations under such circumstances are 
known with definite and absolute precision, and can 
be so stated in the terms of an analysis of each ; but 
not so in the case of an animal. As we have pointed 
out while treating of soils and manures in an earlier 
part of this paper, a great variety of circumstoncJfes 
come into play, very materially modifying the results 
of the calculations of the agricultural chemist — often, 
indeed, leading to results totally unexpected and un- 
locked for. So in the case of dealing with animals, 
a still greater variety of unknown elements come into 
play, and this simply because we have now the higher 
and more mysterious element of animal life to deal 
with. Hence it is that although the chemist can by 
his analysis tell .ms that a food to be used for cattle is 
composed of such and such elements, and that there- 
fore certain feeding or fattening results will be 
obtained by its use, it by no means follows that 
these results will be secured when we give them to 
the animah To say that certain constituents would 
certainly go to the formation of fat, while others 
would as certainly go to the production of flesh, was 
going quite beyond the province of the chemist, and 
inde^ for the matter of that, outside the domain of 
the man of science, — ^for science knows nothing, or 
should know nothing, of assumption, it deals only 
with facts, concerns itself only with the known. 
How, all this marking or ticketing off, so to call it, of 
the different constituents of food, this one being allotted 
to the task of producing one element, this another, 
WES based only on assumption. For the points stated 
as actually existing could only be assumed to exist, it 
being, of course, utterly impossible to trace the 
proplsses through which the constituents went, within 
the body of the animal 
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Eis Studies— Office Duties— akd Practical Work ik 
THE Preparation of Working Drawings, of Spbcipi- 

OATIONS, AND CONTRACTS FOR WORK. 

CHAPTER IX 
Corporation or local Board Drawings 

Oenebally the originals are submitted and signed 
by the chairman, and duplicates permanently left 
with the authority. Plans, elevations and sections 


in narrow streets, which is occasionally limited to 
two stories above the ground level in streets less 
than thirty>siK feet wide, or the height is not allowed 
to exceed the width of the street in front measured at 
right angles to its general direction. (1) The sections 
must generally show the depth, level and nature of 
the proposed foundations, the depth, fall and size of 
the drains, and their connection with the nearest 
sewer, the depths being indicated by reference to 
some near fixed point or ordnance datum. (2) The 



Fig. 8. 


are required — occasionally only plans and sections. No 
•definite instructions can be given to the young architect, 
as the regulations differ in every district; but the 
following notes may be found useful. It is not usual 
to interfere with the design of the exterior, except in 
the special cases of a few important thoroughfares in 
the largest towns, laid out at great public cost, when 
an approximate uniformity of height and of materials 
maybe insisted on; the projection of cornices, oriel 
windows, other archite^ural features, is generally 
limited by a bye-law ; as well as the height of buildings 


heights of the various floors, which in many districts 
may not be lass than a given minimum, especially 
those intended for domestic purposes — which, if not 
attics, must be nine feet in clear height in every ptirt 
at the least, and every attic or room extending partly 
into the roof must be seven feet six inches or eight 
feet in height at least from the floor over one-third 
or one-half the superficial area of the room. (3) 
The sections of the floors and roofs must show the 
gutters and drainpipes, also figured dimensions of 
the bearing timbers — certain minimum strengths for 
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beatings of eteted lengths being frequently insisted 
on^ The level of the ground floor of every dwelling- 
ilioase not used as a shop or place of bu^ness must 
be at least six inches above the level of the edge of 
the footway or street. (4) The thickness of the 
external and internal walls: in some districts an 
external wall one brick in thickness, or an internal 
wall half a brick in thickness, may not exceed thirty 
feet in clear height. The pkms must generally 
provide a certain minitqum superficial area of open 
yard space — in some towns 70 superficial feet being 
considered sufficient, in others 250 are required. The 
privy and ashpit must be planned in accordance with 
certain regulations, and must be so placed as to be 
readily accessible from a back passage, the width of 
which is also regulated by a bye-law — ^generally five 
or six feet. There must generally be a given distance 
between the walls of the dwelling and the privy. 

The plans must also show walls between adjacent 
houses of a given thickness, which must in some cases 
be carried above the line of the roof, and finished 
with a stone coping, in others finishing flush with 
the under-side of the slates. Flues and chimney- 
breasts must be of substantial construction, and no 
timber is allowed to be shown on the plan within 
four-and-a-half inches of the interior of any flue or 
chimney. There are, in addition to the above, an 
immense and varied number of other regulations, a 
few only of which can be referred to. 

Stringent regulations are generally laid down with 
reference to the construction and size of the drains ; 
in many districts they must be kept open until they 
have been examined and approved of by an inspector, 
the connections with the sewers not being generally 
allowed to be made by private contractors. Certain 
means of ventilating the drains must be provided — 
generally by connecting them with the down-spouts, or 
(what is undoubtedly better) by a special pipe or shaft 
carried to a stated height above the eaves. Every 
room intended to be used as a dwelling or sleeping 
room, with the Exception of attics, must have an 
aggregate window area of not less than a given number 
of square feet — gener^y ten clear of the sash frame 
— and the top of the window must be not less than 
seven feet six inches above the floor; to insure 
effident ventilation, the upper half at least of the 
window must be made to open. An attic may in- 
stead of a window have a skylight of not less than six 
feet superficial area, of which at l^t one-third must 
be. made to open. Special means of ventilating all 
r(X>ms not having a fireplace must be provided, aud 
special regulations are generally made for the proper 
ventilation of public buildings. The strength and 
dimendons of area gratings and grids is generally 
regulated by a bye-law. Officers are frequently 
i^jpdinted to inspect works in course of erection, and 


empowmed to prevent or report any infringement of 
the bye-laws : of course every fadlity must be given 
them at all reasonable hours to examine every 
portion of the building. Ko new house, addition or 
alteration, may be inhabited until it has be^ certified 
after official examination that it has beep erected , 
in acoordanoe with the bye-laws. Begulations are 
generally made for the provision and maintenance 
during the erection of any building of a substantial 
hoarding of a given height. Written notices must 
generally be given for permission to take up any 
portion of the public street or footpath in front of 
the works, for the supply of water for mixing mortar^ 
cement or concrete. With a little care and experience 
on the part of the young architect, no difficulty need 
occur in complying with the bye-laws of any local 
body. Those of the Metropolis are generally con- 
sidered the most stringent. 

Detail, or Large-Soale Drawings. 

As soon as the architect has completed his contract 
drawings, he must commence the details : they may be 
divided into those that are drawn to scale, and those 
that are full size. Various scales are selected for the 
former : those most frequently used are, half -inch to 
the foot, one inch to the foot, and quarter-full-size^ 
or three inches to the foot. It is of the greatest 
importance that the young architect should be able to 
prepare these drawings ; the ability to do so can only 
be attained by long and persistent study, as there is no 
royal road to the ability of preparing details. There 
are many members of the profession who possess a 
certain facility in the preparation of a sketch design, 
which, by the aid of a foreground and sky, may be 
made into an attractive drawing, but who are quite 
incapable of preparing the equally important drawinga 
required to eqable the contractor and his men to 
tranflate the d^ign into brick and stone. The know- 
ledge that has to be acquired to enable the architect te 
prepare detail drawings is, firstly, a thorough know- 
ledge of the work of, and the materials used by, the 
various trades which are successively engaged on eveiy 
building whilst it is in course of erection, commencing 
with the excavator, bricklayer, and mason, and termi- 
nating with the carpenter, joiner, slater, plumber, 
glazier, painter, and many others. This knowledge can 
only be obtained by the careful and persistent study 
of buildings whilst in course of erection. It must be 
evident to the merest tyro that a detail of motdds for a 
string-course, plinth, or door jamb, which ‘would be 
exceedingly suitable if worked in oolitic or Torksbire 
stone wodd be utterly useless if the material to be 
used were granite. Again, a thorough knowledge pf 
the properties of the various kinds of timber used in 
building is absolutely neoessaiy, os well as the soant- 
Ingpior sizes in which it is generollysoldby the timber 
mwhant. 



TBE BUILDTWQ ASTD TEE MACHINE EUATJCETSMAN 


65 


tHB BTULBIHG AHB tee KACHOrS 
DBAirOSTSHAir* 

CHAPTER XV. 

Iir describing at end of last chapter the method of 
projecting a box which gave three views of it, suiEcient 
to enable it to be made by an artificer, we stated that 
pother view might be required of it. Thus one of 
its ‘‘ sides might be of greater height or depth than 
tibat of the other — as the height or length of the line 
a 6, .fig. 2, Plate OLVII., is greater than that of c d. 
We suppose the plan of the box to be of the dimensions 
as at tf gh\ this being drawn or projected in the 
same way described in connection with a 6 c cf in fig. 1, 
same plate. 

Draw parallel to f g any line, as t y, and from / 
and g lines perpendicular to / p, cutting line t j in 
the points k and I, Produce these lines to m and n, 
and make ,k m equal to a and I n equal to c d, 
Join m ni h m n I the end elevation of the 
block e f g hi looking in the direction of the arrow p. 
The elevation of the side h g, looking in the direction 
of the arrow o, is found thus : — Draw parallel to i jp 
from the points m and n, the lines n m r, cutting 
perpendiculars drawn from points s and ^ the distance 
0 t being equal to A p or ef. Tlie heights trfS u, are 
thus equal to A m or a 6, and tqiBv, equal tolnot c d. 
The parts shaded with lines at right angles to each 
other serve to indicate the chamcter of the projection 
of the elevation of the end f g in plan. The 
elevation of the side A m in A m n Z is of course all 
in one plane, or quite flat ; in the other elevation of 
the other side tho part v q r u recedes from the 
part 9 V q t. The ‘‘side elevation,” looking in the 
direction of the arrow o, con also be projected in the 
same way as f s p r in fig. 1, Plate OLVII. ; but the 
line X z must be measured equal to a 6 or A in 
fig. 2, same Plate ; and y z ho drawn parallel to A p to 
point p. This side elevation is obtained directly as 
shown o.t 8 tr u. 

We thus see how one projection or view more is 
required for the drawing of the object last described, 
this extra projection being a second side elevation, as 
# p r w V s, fig, 2, Plate CL VII. But as two side 
elevations may be thus required, so also may two plans. 
Thus, suppose the plan of top of the box, a 6 c d, fig, S, 
Plate CLVII*, to be of difierent dimensions from that of 
the bottom, as a* V d d* ; the general or complete plan 
of the box, as seen when looked down upon in the 
direction of the arrow p in fig, 1, Plate OLVII., would 
be as B,t 6 f g h,ij k I in fig, 3, same Plate, efgh 
being equal to the plan of top in a c cZ, fig. 1 ; 
ij hi equal to ci V d d' in* fig. 3, same plate. And 
/to make the projection plan of box complete, as thus 
looked upon in the direction of the arrow jp, fig. I, 
^ poinite i p, / $, hf^lh would be joined by straight 


lines. The reason for this will be more easily under- 
stood when we come to the projections of the other 
views of this object, in which the top and bottom 
plans are different in dimensions. Let the line m (fig. 3,. 
Plate OLVII.) be the height of the box from base to 
top— -or height “ over all,” as the technical phrase is 
— and n that of the lower part, up to the top line of 
which the box is of equal size throughout — ^that is,, 
with its sides and ends square or at right angles to 
each other. To obtain the “ projection ” or view of 
the side of ij hi in the plan, proceed as before so 
as to obtain the lines ioyl p. Make p q equal in 
height to the line m, and draw q r parallel to o jp or 
i L Make p s equal to the line n, and draw a t 
parallel to o p. Project the points p, A, by lines 
parallel to A I p, cutting the line p r in the points v. 
Join t u, 8 v: the projection of the “side elevation,*^ 
i g h I, of the box as seen in the direction of the 
arrow p, fig. 1, is thus produced, the lines not dotted 
being those which are to be inked, giving the finished 
drawing or view. The “ end elevation ” is projected 
in like manner by producing the lines i I, j k, e f, g A, 
to to, X, y, Zf making w a', w h* respectively equal to* 
p «, p p, or to the lines n and m, and finishing as 
in the diagram. The lines i g, j e, k / and Z A in the 
plan are the lines t Uf v e, y df I a' in the side and 
end elevations. 

Reverting to the projection given in fig. 2,. 
Plate CLVII., in which the block or box has a top 
sloping to one side — ^that is, one side or front of the 
block being lower than the other, or back — we may 
conceive of it being so formed that it may slope at its 
top part on both sides, as p q, p r, from a central 
line tj in plan, or a central point as in fig. 4,. 
Plate OLVII. 

Let a b he the height of the highest part at the 
centre, and e d the height of the block at the sides — 
“ up to the square ” or level, as the technical term is 
—and let e/p A be the plan of the block, the liney i 
in the centre of its length representing the apex 
or line of meeting of the sloping sides. Parallel to 
p / draw a line A Z, and cut this in the points m, n and 
o by the lines f e, ij and A p, produced and extending 
indefinitely beyond A Z. Make the perpendiculars 
m qi or, each equal to the height of the line o d ; and 
the perpendicular n p equal to the line a 5. Join 
q Pi pr. This will give the “ end elevation ” of / p, 
looking in the direction of arrow t. The “side 
elevation ” /, looking in the direction of arrow t, is 
prpduced by drawing from points p and r, parallel 
to A Z or m n 0 , lines p u,r v, these cutting lines from 
ends of base lifie, perpendicularly to A Z, the length of 
base from point x being equal to A p. But if the 
block had sloping ends as well as sides, and of the. 
same height, the “ plan ” would be ae at yz a' V d 
the “ side elevation ” of A p, looking in the line of the 
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^inow i, would be produced by drawmg lines from 
the points z and of to and and from <f and d * — 
these latter being the points where the sloping ends 
meet the central line, as in the other plan, i j. 
These cut a line f e' parallel to a' «, making the 
perpendiculars e'/,/' g\ each equal to a 6 and c r?. 
Join g' k\ ^ /. The end elevation of . this, looking 
in the direction' of the arrow a, will be precisely the 
same, and obtained in the same way as end elevation 
mpo. 

But the block might have the top with sloping sur- 
faces on both of the sides, and also at both of the 
•ends, but these meeting in a flat space at the top, 
not at a sharp line as in the projections just illus- 
trated. The plan in this case would be as at ah ed^ 
^g. 31, efgh being a flat space, g cdf being a 
sloping end, o g h h being a sloping side j the lines of 
junction at the comer being g c^/d, a e and h 6. 


only part of the points necessary to oomplete this half 
are projected from m n o p — certain measurements, as 
g to tf having to be specially taken and applied to the 
end elevation — and to complete it, the paH shown in 
full lines is to be repeated on the other ade of the 
line q u, which is the centre point of the breadth 
of the end elevation, corresponding to a' in the plan 
Btah 0 d» The end elevation may be obtained here 
directly from the plan. This is shown at U d d' d in 
flg. 36, the lines of which are obtained in the same 
way as has been already described, d / being made 
equal to j t, d g* to h I, 

In the projections inifigs. 2, 3 and 4, Plate CLVIL, 
the reader, if at all acquainted with domestic archi- 
tecture (see the special paper on Houses and House 
Planiiing will recognise in them subjects coxmeoted 
with the roofs of houses, etc. Thus, in fig. 2, 
Plate OLYll., klmn represents the end view of a 
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Let ij be the height up to the level of the flat space 
efghj and ikl that of the sides and ends up to 
the square.” Proceed as in the last diagram, fig. 4, 
Plate CLTII., in order to find the side elevation ” 
mnop oi side h c, looking in the direction of arrow 1. 
From this the end elevation qrst, looking in direction 
of arrow 2, will be projected, as before, by drawing 
lines parallel to ad from the points p n to g and r, 
making r 9 ft u, each equal to A; ^ and i j. Half only 
nf the end elevation will thus be found, the centre 
line being at u \ the point t being obtained by setting 
off from ^ to ^ a distance equal to a; taken from the 
eide elevation mno p. The other half of end elevation 
is shown in dotted lines. The end elevation, looking in 
the direction of the arrow 2, or that at 3, may also be 
obtained from the plan ah cd directly, as well as from 
the side elevation, as just described. In the latter only 
mie half of the end elevation, as uqrt/u obtained 
Irom the lines of the side devatlon m n o p^ and 


house or stnicture, having a roof of the kind or dasa 
known as a lean-to” roof, the front view of which 
is at a < w V. In fig. 4, Plate CLVII., we have in 
mpo the end elevation of what is called a ‘^gabled 
roof,” sometimes a span ” roof, w x being its side or 
front elevation. In same figure we have m g za! V 
the plan, and in g' d f* j k* the side elevation of that 
class of span roof called a hip roof,” and in flig. 31 
the projection of that other class of a span roof called 
a ** pavilion,” sometimes a ** coach-house ” roof. Those 
projections, though mere diagrams to illustrate the 
application of the principles of projection, give, in fact, 
the method by which working drawings of such roofs 
of whatever l^d, and with various details, would be 
prepared. 

Should the sides of the blocks projected show any 
peculiarity of arrangement, such as an aperture or hole 
pt a certain part of the surface — such pcirts may also 
be projected on the general projection. 
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CHAPTEB XIII. 

At the conclusion of preceding chapter we gave som< 
^salculations respecting hydrometer glasses ; we now in 
connection continue these. Thus, to convert specific 
gravity into degrees Twaddle, subtract 1 or 1000 and 
divide by 5. Thus, 1030 sp. gr. minus 1 = 30, which 
divided by 5=6®Tw., or 1030 sp. gr. minus 1000=30, 
which divided by 5=6®Tw. There are other hydro- 
meters in use besides Twaddlers — such as Baume's, 
which is used on the Continent. For liquors lighter 
than water a hydrometer graduated in direct specific 
gravity is used; generally they are graduated from 
1000 sp. gr. to 700. This hydrometer will show 
strong ammonia water to mark 800, and alcohol 810. 

Oxalic Acid (C3HO4) is used in the discharge indigo 
bath, in bronze and Turkey-red discharges, and in 
resist and other colours. It is a strongly acid, cor- 
rosive, crystalline substance, soluble in 8 parts of 
water at 60® R, more readily so in hot water. Its 
use in resisting ” mordants, such as alumina, etc., 
depends upon the property it possesses of uniting with 
alumina to form a compound which does not take up 
colouring-matters like most other alumina salts. In 
strong solution it exercises a destructive action upon 
cotton, and hence too strong solutions cannot safely 
be printed on. White cotton is injured when printed 
with starch paste containing about 1 lb. per gallon of 
oxalic acid and steamed. 

Citric Add (CjgHgOjj-l-SHjO) is used chiefly as a 
resist and in Turkey-red discharge. It is also found 
mixed with some tannic acid colours. It is a strongly 
acid, crystalline substance, soluble in its own weight 
of water at 60® F., and half its weight at 212® F. 
Citric acid is frequently used in the less pure but 
cheaper form of lemon or lime juice, which contams 
the acid along with various inert matter derived from 
the fruit from which it is extracted. Good lemon 
juice at 48* Tw. contains from 27 to 82 per cent, of 
pure acid (as C0H4O7). 

Tartaric Add (O4H2O0-h2H^O) is used for the 
same purposes as citric, to which it bears close re- 
semblance in its properties. It is a strongly acid, 
crystallisable substance, soluble in water. 

For Arsmiaus and Arsenic Adds the reader is 
referred to the division treating of the ** Compounds of 
Arsenic.** 

For Tannic Acid the reader is referred to the 
^ division treating of the Chemistry of Colouiing 
Matters.** 

Alkxlibs. 

Eada Ash is used in bleaching. It is veiy variable 
in composition j the chief oox^ttituent is carbonate of 


soda (Na3C03) ; but commercial soda ash also contains 
caustic soda (NaOH), and small quantities of inert salts, 
such as sulphates and chlorides of soda. If it contains 
no caustic alkali, it is necessary, for the purposes of 
bleaching, to render it caustic by the addition of a 
small quantity of lime, which forms with it carbonate 
of lime and caustic soda. It should contain only a 
trace of iron, for although iron, if present, would exist 
in an insoluble state, yet its presence is dangerous. 
The amount of alkali in soda ash vaiies from 45 to 
57 per cent, of Na^O, and it is usual to purchase it 
according to this percentage. Mineral acids and the 
stronger organic acids, such as oxalic, citric, tartaric, 
acetic, produce effervescence in soda ash, owing to the 
union of the acid with the soda contained in the alkali 
and the liberation of carbonic acid. Added in small 
quantities to salts of iiHJn, alumina, chromium, 
magnesium, manganese, zinc, or tin, a precipitate is 
thrown down, which consists either of the carbonate or 
hydrate of the metal. It is strongly alkaline, but less 
so than caustic soda. 

Soda Crystals (Na^COa -|- 10 HaO) is employed for 
making some mordants, and for purposes of an alkali. 
It acts the same as soda ash, but owing to its crystal- 
line nature it is much less liable to contain impurities ; 
it is, of course, not so strong as soda asli, since, according 
to its formula, given above, in every 286 parts by weight 
there are 180 parts by weight of water of crystallisa- 
tion, and 106 parts by weight of carbonate of soda 
(Na^COs). 

Pearl Ash (K^CO,), corresponds to soda ash, and is 
similar to it in most of its properties. It can be 
substituted for soda ash, but it is dearer. It is used, 
after conversion into the caustic state by treatment 
with lime, for making soft soap. 

Caustic Soda (NaOH) is used for neutralising 
lemon juice and similar purposes, and in making 
soap and oleine or alizarine — oil prepare. It is a 
strongly alkaline, corrosive, white substance ; in com- 
merce it occurs both in the solid and dissolved state ; 
the former in lumps, or preferably in powder, containing 
94 to 98 per cent, pure soda. Caustic soda neutralises 
all acids forming “ salts ’* ; it precipitates most metals 
like Na^jCOj, producing the hydrates or the oxides of 
the metals. The solid alfcxli or the concentrated 
solution exposed to moist air absorbs w^ater, and also 
carbonic acid, in the latter case being converted into 
NajCoj. Hence its causticity decreases on exposure 
to the atmosphere. 

A concentrated solution of caustic soda tenders the 
fibres of cotton ; but a weak solution, properly applied, 
has the peculiar action of shrinking the cotton and 
giving its fibres a slight affinity for colouring-matter; 
or, in other words, slightly mordants them. This 
property has not yet found practical application. 

Caustic Potash (KOH) behaves in most respects 
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like caustic soda. It is employed mainly in making 
soft soap, and in making cocoa-nut oil soap for finish- 
ing. It is sold in solution at 70® Tw,, containing 
S 6 per cent, pure alkali (KlOH). 

Aifinfuonitty or Volatile Alkali (NH^HO, or NH 3 + 
H 3 O). The chief uses of this alkali in calico printing 
are in “gasing” aniline black — t.e., running the goods 
printed with aniline black, after ageing, thiough a box 
or room containing ammonia vapour, for the puifpoae of 
neutralising acid remaining in the colour. It is also 
employed in oleine making, and in one or two colours, 
liquid ammonia is a solution of ammonia gas (NH,) 
in water, with which it forms a hydrate, and hence 
is sometimes called ammonium hydrate, or hydroxide. 
On boiling the liquor the NH, volatilisea One ounce 
of water at 68 ® Fah. is capable of absorbing, under 
the ordinary atmospheric pressure, 681 ounces by 
volume of ammonia gas, the volume of the water 
increasing from 1 to 1’66 ounce, and the specific 
gravity decreasing from 1 to *785. Commercial 
ammonia liquor has a specific gravity of about *860, 
contains 27| per cent, of ammonia gas, and begins to 
boil at 62® Fah. The specific gravity of the liquor 
is a sufficient guarantee of its strength, as the 
lighter it is the stronger it is; hence, if it contain 
impurities, it will be heavier, and so appear of less 
strength than really may be the case. 

SALTS OF THU ALKALIES, ETC. 

Common ^alt or Chloride of Soda (NaCl), is used 
in chroming pieces for lead yellows and oranges — 
t. 6 ., passing them through chrome and salt. It is 
used very extensively in soap and oleine making. 
Added to soluble lead salts, such as sugar of lead, or 
to soluble salts of silver, or protoxide of tin, white 
precipitates of the chlorides of the respective metals 
are thrown down. 

Sulphate of Soda (NajSO^) is used in admixture 
with bichrome for raising lead yellow and orange 
Added to lead salts, it throws down the insoluble 
sulphate bf lead. 

Chlorate of Soda (NaClOg) is used as an oxidiser, 
chiefly for aniline and logwood black and catechu 
brown. It is a crystallisable deliquescent salt, readily 
soluble in water, and owing to its greater solubility 
than the corresponding potassium salt (KClOg), is used 
in preference. 

Arseniate and Bin-arsmiaie of Soda, or Dunging 
Salta (Na 3 AB 04 and NaHAB 04 ). — These salts are now 
extensively us^ as substitutes for cow-dung in the 
treatment of alizarine and other mordants printed on. 
They are compounds of arsenic acid with soda. The 
latter contains more arsenic acid than the former ; 
the bin-arseniate is of slightly acid reaction, and hence 
tone dyers neutralise it in the vat with soda ash, con- 
verting it into the arseniate. The chief actipn of these 


salts on the aluminous mordants is to unite with th^ , 
alumina to form the veiy InsoluUe compound arsmdate 
of alumina. It is probable also that they have a 
positively cleansing action on the cloth, removing the. 
thickening with which the mordant is‘ printed on« v 
Their nett value depends upon the amount of arsenic 
acid and Impurities they contain, the only way to 
ascertain which is by chemical analysis. 

SUioate of Soda, or Water Glaaa, or Soluble Soda 
Glaaa (ISTaO , SiOg). — This salt, as bought in Solution 
at 24® Tw., is also used in dunging, sili^te of alumina 
being, like the arseniate, an insoluble compound. It 
is generally used in conjunction with the arseniate. 

It was formerly employed to fasten ultramarine blue 
and other pigments. 

Borax, or Byrohorate of Soda (Na 2 B 407 -f- lOHjO). 
— This salt is used for fixing one or two aniline 
colours ; also for dissolving white arsenic in place of 
glycerine for mixing with aniline colours. . It is 
crystalline ; soluble in 12 parts of cold water, 2 parts 
of boiling. 

Citrate of Soda (Na 20 j 2 H 304 )' is used for the same 
purposes as citric acid, and is preferable in most cases, 
being less liable to injure the cloth. 

Acetate of Soda (NaOg . CgHg) is a useful salt, and 
frequently used in colour mixing, for the purpose of 
neutralising any traces of mineral acid that may be 
present in the colour. It is a highly soluble, readily 
crystallisable salt, uniting with three molecules of 
water. 

Biaulphate of Potash (KHSO4) is used as a substi- 
tute for tartaric acid for cheap work, but is much 
inferior to the latter salt, and is apt to injure the 
cloth. 

Chlorate of Potash (KOlOg) is used for the same 
purposes as the soda salt, but has the disadvantage of 
being less soluble and dearer. It is, however, exten- 
sively used for aniline black and tjatechu brown. It 
is a crystalline salt soluble in 17 parts of water at 
69° F. and in 6 parts at 212® F. 

Chromate of Potash or Yellow Chrome, (K 2 Cr 04 ). — 
This salt is employed in indigo discharge colours, and 
in preparing chromate of lead pigments. It is a 
bright yellow crystalline salt, of alkaline reaction j 
soluble in 2 parts of water at 60® F. The addition of 
an acid changes its colour to orange-red and converts 
it into bichromate. It is frequently adulterated witfii , 
sulphates. 

Bichromate of Potash, or Biclvrorm (KjOrgO^) is one 
of the most important salts to the calico printer aud 
dyer. Its uses are very numerous, the chief being that 
of raising ” colours. It crystallises in beautiful 
orauge*red crystals, which are soluble in 10 parts of 
water at 60® F*, and is of acid reaction. Addition 
j(|i.usrio potash converts It into the yellow chrome-^ 
The c^mercial article is geneiilly pure* . 
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OHAPTEE IV. 

I^BTf then, good boarded floors be given to the kitchen 
and working apartments, so that cold surfaces, upon 
which servants have to stand so long — as in the 
.washhouse and. scullery, or go Over so frequently — 
as in the case of the kitchen, be avoided. 

In the case of the superior apartments of the house, 
« the utmost care should be taken to secure a dry 
under surface bebw the floors. By far the most 
effective way in which to secure dry floors to these 
rooms is to have them cellared under. These cellars 
so formed will be also exceedingly useful for many 
. household purposes, such as the storing away of 
provisions, keeping of beer, wine, etc. The expense 
of these under-floor apartments is, however, often 
objected to, — although with what reason we fail to see, 
as we consider a cellar to be as essential as any other 
room, on the score of the convenience it affords, to say 
nothing of the part it plays in keeping the house dry. 
But if the expense be really objected to, a greater 
amount of care should be observed to see that the 
underneath space below the ground-floor rooms is in 
a healthy condition. Few have any conception as to 
the state in which the soil is often left below a 
drawing-room or a breakfast-room floor. No wonder 
that smells are complained of 1 If the boards were 
taken up in such cases of smells, their cause, and 
something else, could easily be accounted for. The 
way in which the spaces under the floors are often 
left by the workmen is highly culpable. Wood 
shavings, oily rags, pieces of wood, and other things 
besides, are left to rot and fester below, and send 
up through the chinks of the floor all manner of smells 
marvellously foul. And more than this— -and worse 
than this — drains are sometimes led right across the 
site and through and under the floor soil ; and these, 
getting out of repair, add a thousandfold to the evil 
condition of matters. 

The soils below all ground floors should be 
taken out for some depth— the deeper the better — 

" and the excavation filled up with diy materials, as 
non-absorbent as possibly can be got, such as cinders, 
sinelters* clinkers— the more vitrified the better — 
pieces of broken gas retorts (earthenware ones we 
mean, of course), or the slag from iron-works. And 
even when this is done— and, of course, much more 
when it is not done— ’in no case should the flooring 
Joists be placed in contact with the soil, or with those 
^terials, but a space in. all cases should be left. 

^ inhere the best, the most petfect, method of finifthing 
, soirface of the soil below ground floors is desired, 


ee 

the whole Surface should be covered with a layer of 
Portland cement concrete. This, which is now being 
largely introduced for paving and flooring surfaces, is 
almost wholly impervious to damp, is non-absorbent, 
and so hard as to be completely vermin-proof. If, in 
addition to the soil beneath the floors being laid with 
this concrete, it passed under the foundations — or 
rather, if they were built upon a layer of it, extended 
for some few inches beyond the wall — we could 
scarcely conceive of a house being damp. As hearing 
very closely upon the subject of the soil of the site of a 
house in relation to the health of its inhabitants, it will 
be worthy of the attention of our readers to note the 
researches made by eminent savants as to what may 
be called the aerial ” condition of our soils*: thu^ a 
gravelly soil has been found to contain one-third of its 
bulk of air — and the air of soils to be highly charged 
with carbonic acid gas. Taking the proportion of 
volumes of this gas at six to each ten thousand 
volumes of what may be called the atmosphere of a 
house, as yielding what may be taken as the standard 
of healthy air to breathe in it, some idea may be 
formed of the highly unhealthy condition of the air 
of soils, when we state that Boussingault showed that 
in some soils the proportion had risen to so high a 
figure as nine hundred and seventy-four volumes of 
carbonic acid gas to ten thousand of air, some two 
hundred and twenty-one, some one hundred and 
seventy-nine, and some ninety-six. 

Now, when we consider the comparative ease with 
which gas is drawn, so to say, from and through a 
soil — and thb draught is exercised so strongly that the 
gases are drawn from comparatively great distances — 
and, further, when .we consider that this drawing 
power is greatly aided by the action of fires in aparb- 
ments, we can easily see the importance of attending 
to the state of th^ soil below and surrounding our 
houses, 80 that none of the “evil conditions” too 
attendant u^n soils, some of which we have named, 
shall exist, and that all means be taken to prevent 
their acting — if they do exist — injuriously on the 
health of those who live in the houses built upon 
them. 

Having thus thrown out a few hints in connec- 
tion with the important department of the site of 
houses, we now proceed to the consideration of other 
departments \ and the first we shall concern ourselves 
with will be the building of the walls, or rather certain 
P 9 ints connected with these : for the practical details 
of building our readers are referred to the paper 
called “ The Stone Mason.” We have already, in this 
and a preceding chapter, drawn attention to the 
influence which damp exercises on the health of those 
living in a house affected, so to say, by it. Now, a 
very commonly met with souroe of damp is the walls ; 
and this arim flist from (he way in which their 
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foundations are made, and secondly from the way 
in which the superstructure or upper parts of the 
walls is or are built. First as to the foundations. 
Much of the damp which is found in walls would be 
prevented if the site were thoroughly drained, as 
recommended in an earlier chapter; and this as a 
preventive is perhaps one of the most to be relied 
upon, and if effectually carried out, no other need be 
tried. Still, in order to make sure work, it will be 
well to lay the foundation above a bed of concrete ; 
which may be either of the ordinary kind known as 
lime concrete, or of that called cement concrete, to 
which reference was a short space above made. This 
precautionary measure is all the more essential to be 
carried out in clayey and retentive soils, for however 
well they may be di'ained, a good deal of wet flows in 
from the surrounding soil, and attacks the foundation. 
Further, unless the roofs are well guttered, the drip 
from the eaves, falling as it does so close to the 
walls, runs down and comes in contact with the 
foundation. 

The concrete, therefore, of whatever kind used, 
should not be merely of the breadth of the founda- 
tions, but should extend beyond them for some inches 
outside. And in addition to these measures it will 
be all the better if a ‘Mamp-proof course*' is laid 
round the whole range of wall. This is generally 
made either Ijy building in a course of slates, or a 
sheet or strip of lead, or by spreading a layer of tar, 
the height at which these materials are laid being 
some few inches below the ground level. Hollow or 
perforated bricks — ^in the case of brick walls — are 
also becoming extensively used as damp-proof courses. 
But in all the object is to prevent any damp which 
the foundation and lower courses may gather from 
the soil, reaching to the upper courses and through 
the whole wall in the course of time, which it is sure 
to do if it once fairly gets possession, so to say, of the 
foundations. 

It is impossible to err in being too careful in the 
construction of the foundations of a house; not only 
should they be of the proper and full width, carefully 
bedded on good concrete if the character of the soil 
demands this, as already stated, but of solid work 
throughout; no broken bond in the bricks should be 
allowed, no mere facings of stone, — ^if this be employed, 
the interior being filled up with any sort of rubbish 
or grouted with poor mortar, such work will never 
be satisfactory. 

As regards the walls themselves, we may here draw 
attention to a point which is much discussed — namely, 
the inferiority of bricks as compared with stones — ^the 
first by many being supposed to give a wall peculiarly 
liable to damp. Now, we believe that if a fair and 
a very wide survey were made of the houses through-^ 


out the country, there would be found, as a result^ 
that the greatest number of damp houses are those 
built of stone. Taking like quantities or standards 
of each, brick is less absorbent than stone; and if not 
so, it possesses this advantage, that there are greater 
chances in favour of its drying much more thoroughly 
and quickly than stone. When once stone of such 
qualities as are generally used gets thoroughly 
saturated with damp, there are very few chances in 
its favour of becoming thoroughly dry again. No 
doubt there are some kinds of stone which do not 
so readily take up the damp; but even these, when 
once they become so, are long in becoming dry. 

Much also depends upon the way in which stone 
walls are built; for not seldom they are, as hinted 
above in connection with foundations, mere sham 
built, professing to be thick walls, and with all the 
thickness made up of solid stone well bonded, with 

throughs ** at proper intervals, but merely professing 
to be such, for the facings only are what the wall 
professes to be throughout the interior. To make up 
the thickness, which is boasted of by the builder, and 
trusted to by the employer as giving thickness, and 
therefore warmth, strength, and immunity from 
damp, the interior is filled up with stone shivers, 
or a poor quality of rubble work, and grouted with 
mortar too often of a poor quality also. Now, this 
honeycomb wall is a mere deception, and if once the 
interior gets satuiuted with damp, farewell to the 
dryness of the outer, or what is worse, the inner face. 

There are some qualities of stone so absorbent — 
being so porous and full of small cells, so to say, that 
they suck up water like a sponge, and the cells, as we 
call them, retain the water — that there is little chance 
of a wall built of it being a dry one for any length of 
time, the first wet winter doing mischief which several 
dry seasons will not undo, and this even in cases 
where the walls are honestly — that is, solidly — ^built. 
Stone of such qualities should never be used; and it 
will be worth the exercise of a little trouble tb ascer* 
tain, previous to using any stone, what are its charac* 
teristics. There is a very useful table published in 
the majority of building works showing the absorbent 
qualities of a great variety of building stones, this 
being the result of a parliamentary inquiry. A good 
precaution in stone walls, and also in those of brick, ' 
is having them built as cavity ” walls — that is, with 
a hollow space in the centre of the wall. Damp from 
the outside rains will not penetrate, or at least will 
not reach so quickly the inner face, if the walls be 
built thus. Brick affords greater facilities for the 
formation of cavity or hollow walls than stone; 
and a wall which, as in, ordinary 9-inch onei, would 
be liable to damp, built as an 11-inch cavity wall 
has a very good chance of being dry. 
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ITB OBiaiN AND BABLY WOBK—THE PBINCIPLES AND 

Details of its Pbaotice. 

CHAPTER XL 

At the end of last chapter, in describing the method 
of joining pieces of timber at right angles, we stated 
that the neatest joint of this class was that with the 
mortise and tenon joint at the mitre or angle. 
This is shown in detail in the other diagrams in 
fig. 63. In place of cutting the part, as shown by 
dotted lines at a b, right olF across its thickness or edge, 
a thin part forming the tenon is left in the centre of 
the thickness, as at i in the piece jj sho>vn both, on 
side and edge view. On the angular or mitre face of 
the other piece, as c df* a groove in the centre is cut a 
little less in breadth than the thickness of the tenon 
i, shown in plan of top edge at in piece o o coiTe- 
sponding to piece c which is side view. When the 
two pieces thus formed are put together they present 
the appearance as at h which is a view of top or plan. 




Fig. 68. 


Various joints are illusti^ated in connection with 
partitions, joists, and roofs, which form the subject of 
succeeding paragraphs. Some of these joints employed 
in the construction of those classes of framed car- 
pentry work have already been illustrated, and to these 
reference will again be made. We now proceed to 
illustrate others, the whole comprising almost every 
kind of joint used in framework. In examining at a 
future stage of study the illustrations we give of par- 
titions, floors, and roofs, the young carpenter should 
have no difficulty in s^ing at what points the joints 
now to be illustrated are employed. Reference will, 
howexm*, be made to the most important points of 
these. 

flpeoial Joints mod in the Fraining of Fartitione. 

In fig, 64 we illustrate a method of joining used in 
partitions, aaia part of the sill, 6 the upright post or 


stud, the joint being amortise and tenon ; d is the foot 
of one angular brace or stud, let in at e into a recessed 
part cut out in the upper face of sill or cill a a. This 
recessed part may be cut out right across the face of sill,^ 
and the end of d left square. A better class of joint, 
however, is had by leaving a tenon, as y, at the foot 
of the piece i i, cori’esponding to c?, which tenon goes 
into a mortise cut in the face of part cut out of sill a a. 
This mortise is shown at in piece o, which is the upper 
face of sill ; mh I and m n are other views of this joint. 
The end of brace or strut d is sometimes cut angu- 
larly, as at g / at foot of h corresponding to d. The 
filling-in pieces, as at a 6, fig. 6, Plate XI., of a par- 
tition are jointed between the face of a strut or brace 
a a, by simply cutting the foot of h at the desired 
angle; the upper end being level or horizontal to 
correspond with the under side of the horizontal 
head of the partition, and filling-in pieces, as fe, being 
simply jammed and driven tight into the places. But 
the better forms of joints for foot of filling- in pieces 
are shown at c d^ e f and at A, that at c being 
simply an angular piece cut out right across the face 
of the stud or brace, as a a, the foot of piece, as 6, 



Fig. 54. 


being cut to correspond. This joint gives security 
against the foot of piece b sliding down the face of 
strut a a, which the simplest form of joint at b does 
not give ; but it gives no security against lateral 
pressure tending to force the foot of b out of contact 
with face of a a. Security against pressure in all 
directions is given either by the form of joint shown 
Sit/, this being a tenon cut in end of piece g and let 
into a mortise cut in face of brace e ; or the tenon 
may be formed as at k 

Special Joint! nied in the Framing of Floors, Joists, and 
Wall Plates. 

We come now to the joints met with in the framing 
of floors and roofs of different classes illustrated in a 
future chapter. Already we have given, in fig. 43, 
an illustration of the form of joint used in joining the 
end of a floor joist, a a, with the wall-plate b. The 
groove od on face of wall-plate b b, with cross-rib or 
feather, receives the eiid of the joist, the feather e 
passing into a groove cut in the end of the joist. The 
lower part o{ the diagram in fig. 43 illustrates a modi- 
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jQo&tion o! the dovetail joint for the joining of joists with 
will-plates fully described in connection with this figure, 
Vig, 39 illustrates a method of joining pole-plates a 
with the tie-beam 6 of a roof, forming truss c d ; in 
same figure another method, a groove bmng cut in the 
ed^ of the tie-beam, as at d, into which the pole-plate 



Fig. 55. 


is placed, is shown. In the first method a key, as s/, 
is passed into a groove cut as at ^ in face of tie-beam ; 
a corresponding groove is cut of half the depth of 
key / e in face of pole-plate. 


given to the joists between the walls. In figs., 66» 
66, 67, 68, we give pei^pective views of sev^ of 
the joints already described in detail. 

Jointi nied in Booflng.—CoBunon Balters with ^ole*plate.* 
Qneen-Fost Boef Details. 

In fig. 7, Plate XIX., we illustrate the junction of 



Fig. 66. 


common rafter, a a, with a pole-plate 6, this being 
secured to the tie-beam e c with a key d ; c shows the 
end of the rafter a a, with piece cut out to notch or butt 
on pole-plate f gin cross section. Pig. 59 illustrates the 



Fig. 57. 

Pig. 38 illustrates the junction of the end of tip- junction of the rafter, a, of a “ lean-to ” roof (see a 
beam with wall-plate ; fig. 39 giving difierent views of future chapter) with the waD-plate 6, the gutter o being 
the parts in fig, 38 : a is the wall-plate to receive the secured to ends of the rafters, which are lengthened 
key c, / side, g end view of the key. In fig. 42 the or extended so as to pass beyond the front wall. 



Fig. 68, 

tie-beam h ia simply notched into wall-plate a a. In Pig. 60 illnstrates the junction at part of a 
fig. 36 a method of notching on the flooring joists, ** queen post ** roof truss (see a future phap^er on 
as o a, to the sleepers as a, is illustrated. Those Boc^). «<»is part of the ‘‘principal rafter,^' h the 
sleepei^ rest on brick piers, and are generaUyempiofOd ^mitin supporting or carrying the “common rafter^* 
when the width of floor is great, so that a aopport is * & 


78 


ms BBICXLATBS 

\ ^ tsst BEIOIXAYSB QB BSICSSEITER. 

IteiromiKS im Pbaotzclu. paxAiLa ov hib Wobk. 

CHAPTER Vn. 

W» ^eluded la,st chapter (vol. ii. p. 265)1^ flaying that 
in a well-buUt brick wall, etability was secured not only 
by m^nfl of the mortar, but by "the bricks themselves 
being so placed that they will add to this. The whole, 
in short, most be “bound together, so that the strongest 
jposrible wall may be obtained by the way in which 
tiiey are related to each other. This is technically 
known as “ bond,*’ which has been already described 
in “The Stone Mason.” But the pieces in brickwork 
are smaller than in a wall of the same dimensions built 
of stone, in which the pieces or blocks are large ; they 
must therefore be much more numerous, and a more' 
intricate kind of bond is demanded. There are, in fact, 
in brickwork more than one kind of bond. What these 
are we now proceed to illustrate and explain. 

Bricks placed LcagitndinaUy in Walls termed ** Stretchers ” 
^Transversely Headers.’ *-~The Belative Positiens of 
Headers” and Stretchers ” in a Wall give the Two 
Kinds of Bond, known as ”01d English” and ” Flemish 
Horisontal Bond.” 

A brick having its lengt^h greater than its breadth 
is obviously ca^jable of being placed “ on bed ” (see last 
par.) in two ways, with relation to the front or face 
of the wall, aj, fig. 8, PlateXIII. Thus it maybe placed 
08 at & 0 ef e, or as at/y A t, the dotted |ine a a being 
supposed to be the front or face, or direction in which 
the length of the wall runs. When placed as at a ^ o cf c 
the brick assumes a position which is technically 
termed a “stretcher”; when placed as at / p A e, 
a “header.” By placing a number of bricks so 
disposed together, a wall of a certain kind may be 
constructed, of which we may suppose the plan to be 
at a a, ^ 3, in fig. 2, a a being all “ stretchers ” and 
ft A all “ headers.” But as a brick has a breadth just 
half the' distance of its length, if placed as at e/, in 
relation to another, as p, a space, as A, is left vacant, 
the reverse position being as at i j and A. In the 
Central position, as at if m, no, a space on each side of I 
and n is left vacant, as at A, n and o, this being equal 
to one-half of the breadth of a brick, as shown by the 
dotted line p q. Now, by arranging the bricks as 
, in fig. 2, e.t a a, A A, a series of spaces, as c o c, are 
left at the back part of the wall, the lower line being 
auppos^ to be the front of this. These q)ac 08 in 
width are just half the length, and therefore just the 
\ftdl breadth, of a brick; and by placing briokp, and 
so filling them up, as at o o c c, a solid fiat surface is 
bbtained, all those, as o c o o, being “ stretche|s.” Here 
we have a species of binding together of the bricks 
Igr the way in which they lie “on bed ” in relation to 
amothe^, and in whidh they are viewed from the 
“elevation ” ; the “ atretchers,” a a, alternate 
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with the “headers,” A A, as at tne latter being 
“stretchers” in elevation, corresponding to the 
“stretchers ” a a in the plan ; e e being “headers ” in 
elevation, corresponding to the “ headers ” A A in plan. 
This arrangement is, in fact, that kind of “bond” 
known as “ Flemish” bond, in which the “ headers ” and 
“ stretchers ” alternate ; and the wall in fig. 2 would be 
what is technically called a “ one-brick wall ” — that is, 
a wall having a thickness equal to the length of one 
brick — or a brick, as A, placed as a “ header,” as at 
/p, A c, in fiig. 8, Plate Xlll., and A A in fig. 2. In 
place of arranging the bricks as in fig. 2, th^ may 
bo placed in one row, as in fig. 3, these being all 
“ headers,” as a a; or they may be placed in two rows 
of “ stretchers,” as A A in same figure. If the row a a 
be placed above the row A A, so as to be i 
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as in “ elevation ” at lower courses a’ a a* and A' A' A', 
fig. 3, the arrangement is that species of bond known as 
“ Old English” or “English bond,” in which there is one 
row entirely made up of “ headers,” a' a! a', correspond- 
ing to u a in' plan, and another row as entirely made up 
of “ stretchers,” as A' A' A', corresponding to A A in plan. 
We shall see presently, however, that although fig. 2 
illustrates the chief feature of what is called “ Flemirii,” 
and fig. 3 that of “ Old English ” bond, the arrangement 
oi the bricks as there given is deficient in giving a 
“ bond.” 

Any one row of bricks, as a a or A A, fig. 3, is known 
technically as a “ course,” and is equal in thickness, 
invariably, to the depth or thickness of a brick— the 
exception being when the bricks are laid or “ set on 
edge ” (see a preceding paragraph), which, however, is 
only done in certain kinds of work, as in forming the 
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coping 01 ' last course of an open or exposed wall^ and 
in a certain dass or kind of hollow bridkwork, here- 
after to be described ; in which case the depth of a 
course is equal to the breadth of a brick. 

WalU built up ia a Suoeaniou of Laym oallod ^^Couriei/* 
uoooaaitatiiig ^^Tartioal Bond’* as WoU as Horlsontal. 

In the arrangements thus so far illustrated in 
figs. 2 and 3, the ^^bond ** or connection between the 
various bricks making up a course as lying horison- 
tally ** is obvious enough while lying ** on bed,” or in 
horizontal bond ” as it may be termed ; the biicks, 
as a a, d d, fig. 2, being clearly prevented from moving 
laterally or sideways, as in the direction of the arrows 
1 and 2, by the bricks h b or c c, although there is 
nothing in the arrangement shown to prevent the 
bricks 6 6, o c, from being moved out of place by pres- 


walls might, and would, cause a disrupture verticallf at 
the joint or joints corresponding to mr.near the points ^ 
of unequal settlement. One part would be thus torn 
away from another more or less completely, the joint 
being wider at the top than at the bottom, as shown ^ 
in fig. 3, at d d ; a' a', V V being supposed to be a ^ 
succession of ‘‘courses” of “stretchers” V i', and 
“headers,” a' a'. 

Belatiou of Bricks cue to another m Tertleal Bond.— 
‘^Breakittg Joint.^* 

Now, this evil is prevented from occurring, or its 
chances of occurring are at least greatly lessened, by so 
placing the courses in relation to each other that the 
joints shall not run in the same vertical lines as in 
fig. 3, at lines 1 2, 3 4, but shall “ break joint,” as the 
technical expression has it. 



I 


Fig. 4. 



Fig. 8. 

sure acting in the direction of the arrows 3 and 4, 
save the cohesion of the biicks to those as at a a or 
d d, by means of the mortar or cement with which 
in practice they are laid. 

But as a wall, in the sense of its height, is made 
up of a succession of “ courses,” these also ought 
and require to be so placed in relation to each other 
that they will be connected or bound together — 
that is, there must be “ vertical ” as well as “ hori- 
zontal bond.” Thus, by placing the courses as shown 
in fig. 3, it is obvious that this “ bond ” is not 
seenred, inasmuch as all the joints, 1, 2, 3, 4, run 
vertically in a line from top to Mtom of the wall, and 


the joint a, formed by the juxtaposition of the two 
“ stretcher ” bricks, h b, is covered by the solid part of 
the “ header ” bricks, c or d, in the courses above and 
below it, while the joints e e, g g, are covered by the 
solid parts of the bricks / / and b b, the joint h of 
bricks / f being placed above the central or solid 
parts of d. Another arrangement of “breaking 
joint ” is shown at h h, i i, in the same figure. We 
have used the term “covered” to denote how the 
upper and lower edges of the joints a and i of the two 
adjacent bricks b h and / / are concealed by the solid 
parts of the bricks above and below them. But the 
technical term employed is “ butting ” or “ bearing.” 
Thus the joint a is said to “ butt ” or “ bear ” agai^ 
the solid pait of the bricks above and below it, as the 
bricks b b and d. The lower edge of joint i “ butts ” 
against or bears upon the solid parts of the brick d. 
The young pupil will note that the bricks 6 6, e c, and 
ff are “ stretchers,” while c d and g g headers.” 
The diagi'am is not designed to show any particular 
kind of “ bond,” but simply to illustrate what is an 
essential feature of every kind or class of bondT- 
namely, the “ breaking of the jdints ” ; the joints in all 


this would be the case however high it was. ThiS|g|l cases being so arranged that they all butt against nr 
if carried out in practice, would form oxoeedingljr bear npon solid parts of other bricks lying below cuf 
d^eetive walls; for any uxmqual settlement of the plm^ above them. 
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CHAPTER X. 

In preceding cliapter we gave a sentence or two partly 
descriptive of methods of strengthening buildings by 
means of iron rods. Referring the reader to this (p* 21 ) 
we proceed with the description of the illustration now 
given. The bolts (o, e) are passed right through the 
apartment from side to side, being most conveniently 
placed below the flooring, d d, and then passed through 
holes made in the walls, e e, and secured by bearing 
plates and nuts, as at/, in the same way as shown in 
60. If used as a preventive of the walls bulging out. 



the nuts are at first screwed loosely up till settlement 
of the walls has taken place, when they aro tightened. 
If the method is adopted after the walls have begun 
to bulge out, th^ can be brought back to the straight, 
after fixing the bolts and screwing the nuts up as 
tightly as may be; then by heating the body of the 
bolt it is expanded, and the consequent lengthening 
presses the nuts outwards away from the bearing 
|dates, which can now be screwed tightly up against 
them again. By doing this with care and judgment 
the walls bulging out, as at 5 5, can be brought 
Vei^cally up, as at a a. A front view of a form 
of bearag plate is shown at p g in fig. 61. It is 
OBually made of cast iron, and as it is seen on the 
^^de of wall it is made more or less ornamental. 


Binding together Hooks or Oonriai of ftone by Flat Iron 
Tension Bars and Borsw Belts and Buts. 

We now notice the last of the methods of sup- 
plementaxy bond to stone stixustures. In this fiat 
bars — called technically “ ties ” or tension bars (see the 
chapter on framing and framework under the head 
of “ The Carpenter”) — are used in conjunction with 
screwed bolts and nuts. These tension bars or ties 
are laid fiat between and bearing upon the beds of 
the courses of blocks in number and disposition as 
desired or deemed necessary to secure a certain 
efficiency in the bond which they give. These bars 
are shown at a a in plan in fig. 62, and in elevation 
at a a\ They are punched or drilled at intervals, to 
afibrd holes for the bolts, as 6 6, passing through ; and 
these are secured by nuts in the way already described 
in connection with fig. 60 (a/nte). These nuts are 
shown at c c in plan. 

The Shape or Ooiiftguratio& of Stones as forming Part of 
the Arohiteetnral Style or Design of a Strueture. 

We have in the early paragraphs of this paper 
traced the steps, supposed or conjectural, which were 



a 

Pig. 62 . 

taken by the early workers, starting with the rudest 
collections of stones, in leading up to the systematic 
and more or less complicated method of arranging 
stones in walls under what is termed “bond.’* In 
doing so we have had of necessity much to do with 
the form, shape, or configuration of the stones em- 
ployed in building walls of various kinds. When 
arranged on a plan beyond the simple forms of 
small buildings, and when they assume the form 
of structures to which the term architectural is 
applied, we find that the form or the configuration 
of stones takes a much higher development than is 
essential where wall construction considered purely 
as such is the work of the mason. If the term 
architecture be properly defined, as some define it, 
to be ornamented building construction, many of the 
parts of architectural structure being purely orna- 
mental, the stones which are used to give, those 
forms must be cut and dressed into forms or shapes 
in accordance with what is called the style of the 
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mdkiteotare. Thd peculiar features of the accepted 
styles will| if q»ac6 permit, be discussed in a separate 
paper, to whidbi the reader interested in the matter 
is here referred; and in the illustrations which will 
accompany this paper the peculiar forms to be given 
to stones will be traced. There are, however, 


odurses so as to show a direct mterseetimi 
ground surface, as at the mXL a (%. 63), ^rin^^g at 
once from the ground level b o. Tbi» is only done in 
siinple or plain buildings, such as stables, out buildings, 
workshops and the like. In all domestic' stoictn^ 
save in the poorest or most economically constructed 




Fig. 68. 

certiun forms of stones more or less but all in some of cottages, there is a course termed" a base course '' 
respects ornamental, which are common to all struc- intervening between the ground level and the springing 
tures haviug any pretence to architectural design, or start of the vertical wall. The simplest form of 



Fig. 64. 


even when of the simplest character and plan. To base course adopted is composed of a series of courses 
these what may be called general ornamental forms of brick or a course or two of stone of height equal 
we now direct the reader's attention. ^to the rise of two or three steps by whidi entraface 

lAwv w “ Bw. OntrtM ’’ a Wim. of fsblio ud BooMitl . gained to the entrance lohbjr. Ohia is shown ait f in 
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Ted DXFI«B1BN1^ CULdSBB of Snoiexs ^UBSI) ohibflt fob 
. llAKtr factokifg -aj»d agbicultubal Pubposbs.— The 

" Iaabieg Details of Steam Enginba—Cokstbuotive 
A»0 Oprbative Theib Pbaotioal Wobkimo and 

' SCOKOMICAL MAKAGEHENT. 


CHAPTER XIV. 

Tfita following is the description of the Heslop 
Engine, referred to at end of last chapter. “A 



K, and the motion is omnmunioated to those Valves by 
working gears nearly sunilar to that of the Common 
Engine. The Working Oylender c, together with the 
connecting pipe h, to be constantly immersed in cold 
water. The Injection and ednking pipes of the working 
Oylender are all similar to those in common use.’* 

The foregoing is the desmption given by Heslop in 
his patent specification of 1790; and in connection 
with it the writer of the paper referred to says that, 
so far as be is aware, there is no work upon the, 
steam engine which '' contains any mention of the 
remarkable and ingenious engine invented by Adam 
Heslop, and patented on 17th July, 1790.” This 
engine he considers ^^as a somewhat successful 
competitor with the improved engine of James 
Watt, and as containing within it the germ of the 
compound engine of the present day.” The only 
specimen of this family ” of engines now remaining 
was lately set up in the Patent Office Museum, and 
stands close to the celebrated Soho Sun-and-planet 
engine of Watt, and the Rocket, Sanspareil, and 
Pufihig Billy locomotives. 

With the aid of the drawing, fig. 26, the working of 
this engine will be easily understood. ‘^It will be 
seen that it is furnished with two open-topped cylin- 
ders, one on each side of th^ main centre of the 
beam, and both of them single-acting, although 
their pistons are acting in the same direction. 


Fipf. 26. 


Receiving Oylender, a (fig. 27) is phiced under the beam 
of the Engine, b, between the centre of the Beam and 
the end opposite to that which is moved by and 
oonneoted witK the Working Oylender, c, used in the 
Common lire Engina The aforesaid Receiving Oylen- 
der is filled with Steam from the. Boiler, sufficient to 
produce a vacuum in the working Oylender for the 
next stroke of the Engine, and which Steam so received 
in reserve is made to assist in raising the piston, e, 
which must be loaded with so much weight upon 
every square inch as the Steam shall be stronger than 
the pressure of the Atmosphere, and which will con- 
sequently assist the Engine in its effect by giving, on 
" opportunity of loading the working piston F with the 
same weight. Near to the middle of the said working 
piston F is placed a Valve, l, which admits of the 
discharge of a small portion of Water, which rises on 
the descending stroke of the said i’iston r, , 

and supplies the same with Water. The 
St^m Valve marked g, which opens the 
communication between the Boiler and the 
: , Receiving Oylender, k similar to that in the Common 
^Engine, and worked in the same way. The passage 
; ler the from the fieeeiidng Cylinder to the 
is by ,a ixttmeotitig n^pe, h, whuh 
i mbA ihut satariiafcely marked i and 



Fig 27. 


These cylinders are described respectively as the 
^receiving cylinder’ and the ^working cylinder,’ fhe 
latter being possibly so called lest Boulton and Watt 
8h<mld bontend it was only a condenser wi^ a piston 
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1^ it ; but in actual practice they were known, and 
perhaps more correctly, as the hot cylinder and the 
ooM i^linder* The steam on being admitted mto the 
first or hot cylinder helps to raise the piston by its 
pressure underneath ; the return stroke is then made 
by the weight of the pump-rods, etc., in the pit, 
suspended by a chain working over an arched beam- 
head. During the downstroke of the pump-rods the 
eduction valve i being opened, the steam passes from 
this cylinder to the second or cold cylinder by means 
of the oonneci^ pipe, constantly immersed in a 
trough of cold water, which produces suflSicient conden- 
sation to * kill ’ or reduce it to atmospheric pressure as 
it enters and fills the cold cylinder. The cold piston 
having arrived at the top of its stroke, and its cylinder 
being thus filled with steam, the injection valve is 
opened, admitting a jet of water beneath the piston, 
and thus bringing a vacuum into play. In the case of 
rotative engines the return stroke was made by the 
weight of the connecting rod, crank, and a heavy pair 
of links attaching the hot piston to the beam, assisted 
by the momentum of the fly-wheel. Weighting the 
pistons in order to profit by the pressure of steam is 
necessitated by the arched head and chain connection, 



which, though proper to receive a pull, will not admit 
of a thrust. In order to prevent the possibility of 
injection-water passing from the cold cylinder to the 
hot one, the latter is elevated above the level of the 
former.” 

By so arranging the two cylinders, Heslop obtained 
advantages approaching those of the separate con- 
denser, and effected a signal superiority over the 
atmospheric engine of Newcomen.” The engine here 
described is the one illustrated in fig. 27, the 
drawing qf which is taken from the specification 
of July 17th, 1790; whilst fig. 26 is a drawing of 
the engine now in existence in the collection at South 
Kensington. 

The beam illustrated by fig. 28 was one used on a 
large winding engine made by Heslop. It was a 
combination of wood and iron, consisting of two 
castings, bolted together, with a log of wood between 
them. The piston-rod of the cold ^cylinder of this 
engine was connected to the beam by means of a 
parallel motion similar to that illustrated hereafter 
in ocmneotion with Watt’s specification. This engine 
was also provided with a crank and a fly-wheel twenty 
feet in diameter. 


The engine at South Kensington Museum is thus 
described in the paper just referred to. ^^The hiof: 
cylinder, a (fig. 26), is 34 inches diameter, with 2 ft 
10 in. stroke; and the cold cylinder, o, 25| ixu 
diameter with 3 ft. 3 in. stroke. The wooden beam, 
B, has been frequently renewed, and a symptom of 
fracture in the present one is met by two pieces of 
old boiler-plate patched over the middle portion ; the 
present hog-backed shape is modern, the original beam 
having been parallel in form. The air-pump of 12 
inches diameter has been an after-addition ; and the 
snifting valve in the cold piston is plugged up, being 
apparently no longer necessary. A drawing made 
about the year 1823 shows an air-pump placed out- 
side the cold cylinder and worked through a double- 
radius parallel-motion, by means of a small beam 
attached to the end of the mcun beam by a long 
connecting link. Nevertheless the cold piston still did 
its work through a chain and arch-head, and it was 
probably not till 1837 that the now existing links and 
cross-head guides were substituted. The original cast- 
iron fly-wheel shaft has been replaced by a wrought- 
iron one of the same dimensiona The curiously bent 
connecting rod, E, was a common feature in all Heslop’s 
rotative engines ; and though its obvious Intention is 
to clear the hot cylinder, he contended that it gave a 
ceitain amount of elasticity which was beneficial and 
desirable. The cold-water pump discharges itself upon 
the top of the cold piston, from which it overflow^ on 
the upstroke into the cistern in which the cylinder is 
placed.” 

The -In the earlier days of steam engines 

the crank was a thing unknown as applied to an 
engine. The principal use to which engines were put 
at that time being for pumping, made it a comparatively 
simple matter to attach the pump rods direct to the 
working beam; and aa the steam forced the piston 
down in the cylinder one end of the beam was pulled 
down with it, and os the other end rose up the pump 
rods were also raised, bringing with them their charge 
of water. The weight of the rods was then siiflicient 
to raise the piston to the top of the cylinder ready for 
the next stroke. To Watt is due the application of 
the crank os a means of converting the reciprocating 
motion of the piston into the rotary motion of the 
shaft. Watt liimself says regarding his inventions: 

Having made my reciprocating engines very regular 
in their movement I considered how to produce 
rotative motions fn>m them in the best manner ; and, 
amidst various schemes which were subjected to trial 
or which passed through my mind, none appeared sp 
likely to answer the purpose as the application of 
ihe crank in the manner of the comiuon turning 
kthe.” But as we read on, we find that though he 
suggested such an arrangement, he was forestalled 
by a rivaL 
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Dbadtaou of Lakdb OB Soils suitabxjo fob thb Obops 
AUD Livh Stock of thb Fabmbb,— Its Histobt, 
PBI»:0IPLB8, and Pbaotiob. 

CHAPTER V. 

nrst AdFtBse toward the Vie of the Oovered or VndergroaiLd 
XHraiB.---The Great Feature of the Modefn System of Deep 
or Thorough Land Drainage. —Some Points in the History 
of its Introduction. 

Wb have seen illustrated in fig. 3 how the drainer in 
times long gone by made the first step towards the 
improvement of the open surface furrowi as at o and/ 
in fig. If and as m fig. 2, in getting a more trustworthy 
and effective carrier away of such water as was shed 
into it from the surrOuncUng near surfaces by deepen- 
ing the furrow h till it assumed the form of a well 
defined channel, as at g. The truth of the fact in 
hydraulics that the velocity of a sti'eain of flowing 
water is decreased in proportion as the area of the 
channel in which it flows is increased, is likely to have 
struck some observant drainer or farmer ; and as his 
object obviously would be to get the water away from 
his field as fast ss possible, he would naturally proceed 
to narrow the trench he had formed, as at g, and thus 
in process of time he would reach the section as aty 
narrdwer at bottom, where the water collected and along 
which it flowed, than at top, over the edges of which 
the water from the ridge surfaces on either side would 
flow. This section is that, in point of fact, adopted 
in the modem practice of stone-filled drains, as shown 
in the succeeding illustration, fig. 3. But while this 
form of drain would be a great improvement on the 
old form of open furrow, it possessed disadvantages. 
One would obviously be the open surface which it 
would present in practice. This would be got rid 
of by covering up the drain with soU, as shown in 
fig. 3 in the sketch to the right. 

Here we have the first germ of the modem S 3 r 8 tem 
of land drainage, the oharaoteristic of which is that 
the drain is inclosed in the general unass of the soil. 
Although the enormous advantages which flow from 
this principle when fully carried out, and which will 
hereafter be fully described, were obtained by this 
the first step to the modem system, they were so 
only in a very moderate degree; still the prindple 
had been got hold of. And although it lay long 
dormant, and received nothing like even an approach 
to its full development in practice till towards the 
end of the first quarter of the present century, we 
shall now see that this fuller development was, so 
early as some two hundred years ago, not only 
foEreshadowed, but in some full detail described, by 
an early writer on agriculture. This writer was 
BHth, author of Jbhe ^'ifiSnglldi Improver Improved, 
or Survqr of^usbandry Surveyed,*’ which was 
in 166^* It militates nothing against 


Blith’s claim to be at least the first exponent of the 
modem inclosed and deep-set drain, to say, as has 
been said, that its expositidn was of no practical use, 
as the system really did not crop up into practice for 
nearly two hundred years after. This is said, but it is 
somewhat difficult to prove ; and it is just possible that 
Blith’s advice to farmers quoted below — ^and seeing its 
bearing on the subject of modern drainage, it is well 
worthy of having a place here — was followed by some, 
and exerted an influence on the progress of draining. 
The system of drainage known as Essex *' was long 
in use in that county and in other districts ; and it is 
exceedingly probable that it was in vogue in Blith’s 
time: that he knew of it is clear enough, for he 
actually describes its leading points, but only to 
denounce its practice and to recommend his own and 
greatly advanced system. This Essex system consisted 
in the cutting of shallow trenches, filling them up 
with brushwood, hedge cuttings, and other such-like 
materials, and finally covering them up with a thin 
layer of soil, of depth sufficient and but sufficient to 
be free from the influence of the ploughshare. Goe 
to the bottom,” says Blith, ** goe to the bottom of the 
bogg, and make a trench in the sound ground, or 
else in some old ditch, so low as thou verily conceivest 
thyself assuredly under the level of the springs or 
spewing water, and then carry up thy trench into 
thy bogg straight through the middle of it, one foot 
under the spring.” After denouncing in no half- 
hearted terms the style of draining generally done, 
which he calls a great piece of folly,” he counsels 
a trench to be out about the bogg” (as he spells it), 
making one mark or two “ just over athwart it upwards 
and downwards.” Then the trenches so cut are to bo 
filled partly up with good green faggots, willow, 
elder, elme, or thome,” on the top of which the 
original turf out off in forming the trenches is to be 
laid greensward downwards,” and over all the soil 
is to be put up to level of surface. In place of faggot 
filling it is specially worthy of note that Blith 
recommends the drainer to take groat pebbles, 
stones, or flint-stones” to fill up the “bottome” of 
the trench to a depth of ** al^ut fifteen inches.” 
Here, allowing only for a moderate thickness of turf 
and final soil covering, we have a depth of drain 
greater even than is now carried out by some in 
several districts of the kingdom. 

The Elkiiigton System of Land Drainage. 

A hundred years or so after Blith here thus fore- 
shadowed the modern draining system, in so far as 
its depth is a principal point, a Mr. Joseph Elkington 
advocated and worked out a fifystem of deep draining 
which was to a large extent adopted, and was deemed 
of such national importance t^t Parliament voted 
h im a sum of money, the amount of which authorities 
do not seem to be well agreed upon^as it is stated by 



TSX LAJfB imAIHrSB. 


» 

some aB only one thousand, by ctheve as much aa 
fire thousand pounds* We have said that the Mking* 
ton i^stezn was essentially one of deep drains \ it is 
not now followed, although it possesses* some points 
practically valuable in the getting rid of under springs, 
while some of the details of the method, such as th^ 
cutting and making of deep conduits or culverts of 
size sufficient to carry off large volumes of water, are 
just as applicable to and likely to be valuable to us 
as in Elkington's own time* The working out of the 
system assuredly paved the way to, if it did not 
include all the points of, modem deep drainage. The 
principles upon which Elkmgton proceed are so well 
stated in the words of one of the greatest modem 
authorities on agHculture, that we give them here. 
They were based upon three alleged facts. First, 
that water fmm springB is the principal cause of wetness 
of land, and if it be not removed, nothing effectual in 
draining can be accomplished. Second, that the 
bearings of springs to one another must be ascertained 
before it can be determined where the lines of drains 
should be opened ; and by tbe bearings of springs is 
meant that line which would pass through the seats 
of true springs in any given locality. Springs are 
characterised as true ones when they continue to flow 
and retain their places at all seasons ; and temporary 
springs consist of bursts of water occasioned by heavy 
rains, appearing at the surface at a higher level than 
permanent springs, and they are also occasioned by 
true springs leaking water, which always appear at a 
lower level than the true springs themselves. With- 
out due ccmsideration the appearances assumed by 
temporary springs may easily be mistaken for those 
of true ones. It is evident that drains formed through 
mere bursts of water cannot effectually drain land, 
which can only be accomplished by their passing 
through the true springs. Third, that tapping the 
spring with the auger is a necessary expedient where 
the spring is too deep for a drain to reach it. From 
these statements,” continues the authority noticed — 
Mr. Stephens, the well-known author of ** The Book of 
the Farm,” and of the treatise from which we quote, 
“A Manual of Practical Draining ” (Blackwood and 
Sons, price five shillings) — “it appears that true 
springs are to be found neither at the top nor the 
base of a rising ground, but that temporary springs 
may be found at both ; that the more extensive the 
acclivity the more numerous the springs, whether 
true or temporary ; that true i^rings may be removed 
by branch drains; and that at the base of rising 
ground the leakage of true springs may originate bogs 
or swamps. Hence Elkihgton's method as adapted* 
cmly to those peculiar oases/* That thm are many 


wise, might be usefully adopted, does nqi admit of 
doubtdn the minds of those who know practically the, 
peculiar oiroumstanoes of a too wide acreage of land 
at present almost wholly unproductive. 

emlth ol HMutftoA*! Systtm of Ilioroagk Praliiige. 

From EUdngton’e time up ±o about the year 1883 
little appears to have been done in draining, other 
than carrjdng out in a very limited way the olden 
methods of surface and shallow faggot or stone-fiUed 
drains. But in the year named, Bihith of Deanston^ 
a place in Scotland, advocated a system of drainage 
which wasafterwardsmodifledin the direction of greater 
depth being given to tbe drains than that introduced 
and carried out by the inventor, if we may so here 
apply the tern. Smith of Deanston — for by this appel- 
lation he was during the later years at least of his 
useful life always, and is still universally called — ^was 
a universal genius, but a pmotical one ; what his mind 
designed, that he carried out with all his might. To 
his genius both mechanics and agripulture owe not 
a few most valuable inventions. The principle Of 
Smithes itystem of drainage involved two points ; first, 
a depth of the drain greater than was the general 
practice at his time; and second/ frequency of the 
lines of drains over the field. This frequency in the 
drains in conjunction with their depth insured, as 
Smith of Deanston maintained, such a complete 
action in the whole mass of soil within their range, 
that he gave to His system the name of “thorough 
drainage.” Placing as a rule his lines of drains in 
the old or established furrows of the fields, the system 
was also often, and is yet called “ furrotr draining ’* ; 
and as furrows usually run parallel to one another 
over the whole surface of the field, it was also some- 
times, altbpugh not so frequently now, called the 
“ parallel drain '* system. 

Tbe ** Parkei “ or Meet Beoeat Byitem of Deep Draixiago 
of Laud. 

While Smith of Deanston looked much to the 
depth, still it was more perhaps to the number or 
frequency with which the lines of the drains were 
repeated over the fi^d that he trusted for their 
efficiency. Be this as it may, the next step in the 
progress of the art of draining lay in the direction of 
decreasing the frequency of the lines and increasing 
the depth of the drains. This system, which is 
now known as “ deep draining,” and which may be 
called the most advanced, and that advocated by the 
ablest agricultural apthorlties, owed its introduction 
to the w^dl-known agricultural engineer Hr. JosiaSi 
Farkes, who as ably advocated ae he energetioally 
carried it out in praorioe. Oompared with the €33 


distriote in which ground cS this oharactw exists, and jaystem, and even with the decidedly scientific system, 
in the-di^ing of which this method ci deq> drainage ^f Smith of Deanston, that of ParlmB well eaimo4 
inwfaiohai^rtapp(b]gpf jS|ui^ng8,d^ jbitle fMeep” I 
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m STEEL IfAKEB. 

Details of His Wobk— I^hb Pbxboiflbs of its 
Pb6cbssbb— Xhb Qualities akd Obabactebistios of, 
; . ^s Pboduots. 

CHAPTER V. 

•tdsl miUiig Blrsot from tlio Oro 

XoiBtf ooimoeted with iho Xroosit. 

At the conolusion of the last chapter we stated that 
the problem to be solved in the direct process of steel 
maldng was really that of making the process a paying 
ohe* This claim has been made for the American 
bloomery process ; but if the commercial suooess or 
paying capabilities of this be well established — which 
some seem to doubt — ^it is to be remembered that it is 
carried out under exceptional circumstances and with 
the aid of exceptional materials. What is wanted 
with us is, under our circumstances and with our own 
materials to make steel direct from the ores, so that 
it will not merely pay, but pay well — indeed, hand- 
somely. For that is the object really aimed at *; 
a business or a trade makes no pretension to be 
patriotic, it simply desires to have its work well paid ; 
if other, as social advantages, arise from or flow out 
of the trade, good and well, but those are not what 
the trade aims at. 

We have seen that steel can be made by the 
direct process with very simple — ^we might perhaps say 
by the simplest-— of all apparatus and appliances ; but 
that the successful solution of the practical problem 
under our circumstances and with our materials will 
depend greatly upon the character of the apparatus 
'used is pretty evident. While it ia true of every 
process in every art that the practical success of its 
working depends upon the apparatus and appliances 
used, this is specially true of the process of steel 
making, in which the temperatures required are ex- 
ceptionally and absolutely high. And the difliculties 
are not lessened when we consider that all the details 
of established practice would seem to indicate that 
in the processes of steel making we shall require tem- 
peratures much higher even than those we now use. At 
present the high temperatures which the steel maker 
can command are in a sense limited simply because 
the apparatus and appliances used to pr(^uc6 those 
temperatures are also limited in their action. But 
that we shall see, and perhaps shortly, methods 
introduced by which we shall have temperatures at 
present unattainable, we have no doubt. What has 
be^n done in the past in this direction is a guarantee, 
we think, for the future : we use daily temperatures 
which even by the most sanguine of scientiflc men 
twenty-five years ago would have been considered as 
the possibUiti^ of production by appliances 
C^rived by man. / 

the prooessea <A making steel direct from 


the iron ores which have been introduced from time 
to time have been assuredly successful in the pro- 
duction of metal of a good quality, — ^in some cases, 
as notoriously in that of Mushet, of almost the 
highest quality. But none have been commercially 
successful. This has arisen from some inherent defect 
in the apparatus or means employed to reduce the 
ore affecting the precision with which results could 
be obtained, or from lack of a capability to increase 
the productive power of the apparatus, however well 
designed otherwise, so as to produce the steel in 
sufficiently large weights to make it pay/’ and to 
meet the demand ever existing for steel of good 
quality* Frequently also good process have proved 
failures, simply from lack of the capital to make them 
successes. This capital is imperatively demanded, for 
it is required to carry out the initial experiments con- 
sequent upon and demanded by all new discoveries 
and inventions, and thereafter to erect the ** plant” 
neoessaiy to manufacture the product on a large 
scale, and also to meet the ever recurring demands 
which are made during the period when what is called 
making or establishing a business connection is going 
on. All those are considerations of the first value as 
affecting the interests and insuring the success of a 
new process. 

Sucoeit in making Steel direot from tke Ore larg^y 
dependent npen the Form and Oharaotor of the Yeieoli and 
*Applianeoe employed. 

But however abundant the capital, and however 
great may be the energy which the patentee has at 
command, it is obvious that any process of m a kin g 
steel must depend for its success upon the apparatus 
employed, however sound may be the principle upon 
which that process is founded. The history of patented 
inventionB alone has furnished but too long and 
too painful a list of examples to permit of any doubt 
arising upon this point. Not a few discoveries have 
been made which beyond a doubt were of the highest 
value, possessing the potentiality of making the 
discoverers rich beyond tbe dreams of avarice,” which 
have failed utterly as commercial success, solely 
through the impossibility of devising and constructing 
the apparatus required to make the discoveiy success- 
ful. These difficulties have at last triumphed, having 
either exhausted the ingenuity or the capital at com- 
mand of the discoverer. A very remarkable example 
of the contrary is known to every one in the Bessemer 
process, of which it may be said that its immediate 
success, at least its compai^atively quick reception by 
the trade, arose from this fact. That the apparatus 
designed by tbe inventor (then Mr., now Sii* Henry 
Bessemer) was by the exercise of his rare mechanical 
ingenuity, aided by that daring dash (so well described 
bd the l^enoh word itm) which so generally oom- 
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mands attention^ was at a vexy eajrly stage so perfect, 
so completely adjusted to the Tequiremeuts of the 
process, that it is practically the same now as when 
first introduced— ejqperience in this case, so unlike 
that of other inventions, having brought out practi- 
cally nothing which necessitated a change in the 
apparatus employed. We shall have more to say on 
this and other cognate points when we describe the 
Bessemer process. 

In the case of the processes of making steel direct 
from the ores, one great difficulty, if indeed it be not 
Hie one difficulty encountered, is the character of the 
vessel employed in reducing the ores. A very little 
consideration will show that in order to make steel 
of any given, or required quality there must be the 
power so to work the apparatus that it will give 
definite results, which can be relied upon to be 
produced always. Any one of a series, be it long or 
short, of results will not do ; it must clearly be one 
and one only ; no other will, or we should say can, 
make good steel. If it be the capability of obtaining 
any apparatus by which a single definite result can be 
obtained, always to be relied upon, which will thus 
give it its commercial value, that value is enormously 
increased when the working of the apparatus can be 
so controlled that the primary process may be so 
modified that more than one resulting product 
can be obtained. The history of patented inventions 
affords innumerable examples in proof of this; and 
that of the iron trade is, as we shall see as we proceed, 
no exception to it. 

The maintenance of a proper temperature in the 
interior of the vessel in which the ores are reduced 
in the direct process of steel making, — the form of the 
vessel in which the mixture of ores and other materials 
used, technically called the ** charge,” affecting as it 
does what engineers term the “behaviour” of the 
resulting molten or partially molten material while 
in the vessel,— and the facility with which it may be 
removed from it at the time and in the way necessary, 
— and further, the mode by which the vessel is, so to 
say, freed from the remains of the “ charge,” putting 
it in the best state to receive a fresh clwge,— 
are all points of the greatest, indeed of essential 
importance. More than one process has bfeen wrecked 
through not possessing one or other or all of these 
requirements. 

Hitherto the kinds of vessels employed for reducing 
the ores have belonged to, first, the crucible in one 
or other of its ordinary forms ; second, the gas retort 
or a modification of it ; or, third, specially designed 
vessels. All these have one object in view,— the 
reduction of the ores in the largest amount, at the 
least expenditure of time, fuel, and labour, and the 


securing of the oonditipha necessaxy to pirodaoe a 
metal or metallic material of a known and definite 
character and quality; but the result of using such 
vessels is not always one— the one demanded or re- 
quired. 

It is not only the form or shape of the vessel 
which decides the precision with which the process 
is carried out and economically worked, but its mere 
position has a great influence upon those points* 
While it can scarcely be said that one position is 
that which will alone give the desired result — for two 
positions may equally well — ^it may, however, be said 
that there but one position in which a vessd can be 
easiest, that is, most economically worked. There 
are other considerations also, such as those of 
humanity: those processes which' impose the least 
tax upon the powers of enduring fatigue, discomfort, 
and even pain, obviously occupy a higher position 
in the ranks of good engineering and mechanics than 
those which can only be worked at the expense of 
suffering or of toil — even, as in some cases, at that of 
both. Take, for example, the case of the brassfounder’s 
furnace and crucible. No one of education who has 
practically worked at it but must have felt that its 
method was scarcely consistent with, or at least up to 
the requirements of modem mechanical science, to say 
nothing of its low standard of efficiency where the 
comfort of the worker is concerned. Given the 
furnace, which does possess the evidence of design, and 
the crucible and its contents, with the object they 
have to serve, also showing design; the method of 
working both is neither more nor less than that which 
man in his lowest stage of civilisation would do. 
The crucible is taken out and put in with such an 
amount of pure brute force as is required, and at the 
expense mdre or less of brute discomfort or suffering. 
A parallel example is met with in our present method 
of warming our railway cai^riages by means of what 
are called “ foot warmers ” — a method, be it noted, 
which is a standing ridicule and reproach to our much- 
talked-of inventive powers, and but one step removed 
from — is indeed the first step — of mechanical design. 
A savage, with his calabash and a supply of hot water, 
could do no more than this ; certainly he could do no 
less. Considerations such as these are of value ta the 
mechanical student and reader who is studying in 
order that he may work, or working that he may 
study, and both that he xnay advance in his calling,— 
of value no matter what may be the practical trade to 
which he is directing his attention, or behmga. For 
they involve the first principles of the highest class of 
mechanical design, which aims at getting the greatest 
amount of work at the least expenditure of human 
^labour, toil and suffering. 
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Xra iMXISTZC HOTSE OB HOMX PLAJOTEB 
OB BBSIOBEB. 

T&B Wolts: OF THE TOUKG ABOHITBOT OB BUILBBB IK THE 
; BsaioNiKa of Houbbs fob Town akd Oountbt. 

CHAPTEK X. 

At the oonolusion of last chapter we named our 
intention to go into the two ^sterns of constructing 


was plommd he would £nd a somewhat considerable 
deference. And the suggestive remark may here be 
made, while on this point, that it is curious how much 
can be learned of the habits and customs, or of the 
mode of household life of a people, by closely studying 
the general principle upon which their houses are 
planned or arranged, and perhaps also just as much, 
at least in great measure the same, in the way in 



Fig. 6 


street houses. That promise we now propose to which they are fitted up and the kind of character and 
redeem. The two systems are the English and the the conveniences of the house. The young architect 
Scottish — which latter, however, is essentially French, and builder, if the opportunities be presented to him. 




Fig. 


the Scotch having borrowed it from France at thab should make this point a study or matter of close 
period in the history of their country when the closest observation ; it will not only in itself afibrd much 
and the most cordial and friendly relations existed that is practical and suggestively useful to him in 


Fig, 7. 


between it and France. No better exemplification, 
indeed, of the Scottish system can be met with now than 
. in Pans, old and new, where, in the middle-class houses, 
A Scotchman might easily enough fancy that he was 
in one of his own towns, — although it must be con- 
Uiat in the way in which the accommodation 


his profession, but it will lead to outlets even of a 
much more useful kind. It is impossible for a profes- 
sional man to know too much of all matters connected 
with, pr bearing even most indirectly upon his calling j 
and knowledge is easy to carry, and is in no sense a 
burden, but a help and delight. 
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MtlM XxpUuuitiott of << tlio VUt SyitoA of BoUdiiif striking inotanoe of this is to be with in a 

Stroot Houioi. lodgiog-houoe. Somo of these hous^ aire sltaated i» 

This examination we are now about to make into streets onoe fashionable and* still comfor tab le and 
the oharaoteristios of the ^English and the Soottish good-— as^ for examplSi some of those runiling down to * 
system of street house oonstruotion or mode of the Thames from the Stxandj and in their oonstroo- 
arranging the aocommodation is neoessaryi not merely tion they are indnitdy superior to nine-tenths of 
because that in an important part of the kingdom the wretched structures of the px^nt day, having 
we shall have readers directly interested in the matter, been built when building was done honestly ; and as 
but because there is at present considerable attention regards roominess they are also superior, ground-rent 
being paid to the Soottish system with a view to not then having assumed the high proportions to 
introduce it into England. And it is a curious cir- which it has now attained. Well, in one of those 
cu ms ta n oe in connection with the street house archi- large and handsome — ^for they are so— houses running 
teoture of Ijondon, that while so much has been said up to five and six floors, the work of the servants 
against flat ” system of Scotland, the present who live and cook in the basement is simply slavery, 
and latest agitation is for an introduction of it t^tere, We have known of one in which the waiting maid has * 
no doubt with certain modifications which, to those had to take up a hundred and forty different meals in 
who know pf the peculiarities of the Scotch houses, a long day. It seems incredible, but we believed it to 
it must be confessed are greatly required. be the fact ; many of those services would, of course,. 

A paragraph or two will describe the two principles only be to the first floor, but many to the top floor, 
of construction. Taking first London houses — and Contrast this with the horizontal or “flat** system, 
mdeed it may apply with nearly equal truth to the in which each house has all its apartments on one 
English system of building or rather planning — it floor. Here the labour of interior service is confined* 
may be described as the “ vertical system,** in which to one level, and is therefore reduced to a minimum, 
one set or class of apartments is placed above another, the distance from the kitchen to the living apart- 
beginning with the working and cooking ones, which ments being that only to be traversed, while thero is 
are placed on the basement, and ending with the of necessity a compactness of arrangement which in 

attic ** or garret under the roof, in which are stowed itself gives the least amount of labour in doing tho 
away all sorts of “ lumber,’* with which frequently are work. And, be it remembered— which by many is too 
classed the servants, who have their sleeping cribs or often forgotten, and by more not known — that of all 
boxes there— for to dignify them with the name of domestic labour that involved in running up and 
bedrooms would do mdignity to this class of apartments, down stairs is the most fatiguing. Let any one 
Now, all these different “ slices,** or strata, if they may consider the physiological points connected with this 
be so celled, of apartments placed or superimposed one lesson, and they will see how this is as we have said, 
upon another are connected together and reached The Btair. ia Oomoon to aU th. Hon.M a. a Oharaotnirtio 
from one to the other by a stair common to them all. of the Flat “ Syitem. 

This is enclosed with more real sarcasm than is The “flats’* being one above the other, and attain* 
perhaps designed or understood by many a “ well- able by a stair common to them all — and hence in 
hole,” lighted at and from the top by a skylight ; the Scotland known as a “ common stair **— it is here 
separate and contiguouB flights of stairs being separated where one of the chief faults of tho system lies, for 
by an opening more or less wide to admit the light the inhabitants must walk up and down the stairs to 
of this from top to bottom. Now, one obvious result reach the house and the street, or vice verad. Fur- 
of this arrangement is that the different classes of ther, the stair coming within that curious category of 
rooms — as dining, drawing, and bedrooms — with their everybody’s property, the cleaning of it is too fro- 
rooms en suite, as the case may be, placed on the quently the work of nobody, and we well know tho 
different floors of the vertically arranged house, being natural result of this arrangement, 
inhabited or used for different purposes, the domestic In Paris and other Oontinental towns, in Brussels, 
service required by those who live in them involves of Vienna, Hamburg, etc., etc., the “flat” system is 
necessity an enormous amount of labour on the pati also adopted ; they have, however, adopted an arrange- 
of the servants of the house, who live below the whole meat by which the inconvenienoos — if a worse name 
— that is, in the lowest apartments of the vertical series, could not, as it well might, be given to them — of 
It is not easy for those not thoroughly acquainted the common stair are quite obviated. This is by 
with the interior daily life of a London house and having the entrance to the stair, and by consequence 
household to have any conception of the fearful the whole interior of the house, wholly under the 
amount of work entailed upon servants by the mere^control of what we should call here a housekeeper or 
running up and downstairs to attend upon the^porter, but who in Paris goes by the name of tto 
partisB cm ^ different floors. Perhaps the most “concierge” 
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THE OKNAMEHTAL DRAUGHTSMAN. 

His Study and the Details of its riiACTicE, chiefly 

IN TIelation TO Technical Work in Manufactuhtno 

Design. 

CH AFTER XVII. 

We have now to introduce our pupil retider to a further 
and a liigher stage of his art — that of shaded subjects. 
Hitherto Ids work has been confined to subjects in 
which the effect was obtained by lining only. In the 
higlier department lining or outlining is still of the 
highest importance, but the effects of liglit and shade 
are to Ik? adiU'd to the subjects. 

Shading. 

Before entering upon this subject, it will be well 
to treat slightly of the materials the pupil is to 
use, and also as to the diffei'ont methods of using 
them. And this the more especially as these matters 
are but seldom touclied upon in those works on 
drawing in which we might I’ensonably ex[)ect to find 
something concerning them. Most young aspirants 
to artistic fame are sorely puzzled, in examining a 
finely finish e<l chalk drawing that has been done with 
the point, to account for the peculiarly brilliant effect, 
so soft and yet so distinct, which such drawings 
possess. Lithographs have an effect somewhat simi- 
lar, and it appojirs to the youth natural enough 
that ‘‘pj in ling” should bring about such a result; 
but how it can be managed by the hand, and with 
such simple materials, ho does not see so clearly. ]t 
is with the purpose of enabling him to understand 
this that we gise tJie following details. 

In the fiist jdace, the fineness of effect in a chalk 
dmwing deptuids very much upon the paper. Every 
kind of is not suitable. If the surface be loo 

roughly granulated, it is impossible to produce a 
brilliantly toned delicacy of shadow’^; if too smooth, 
it will not “take” the chalk at all. As in water- 
colours, so in chalk di-jiwings, it is absolutely neccissary 
to choose paper of a given quality oF granulation, or 
success i.s entirely out of the question. In making 
his selection, w^e w’ould advise the pupil to avoid by 
all means the common smooth cartridge, buyable for 
twopence the sheet. Wo have found Whatman^s 
Imperial, at sixpence the sheet, exceedingly suitable, 
not hot-pressed — a process which simply does away 
with this granulation. There is a paper specially 
made wdiich has the exact amount of granulation 
which fits it for its specially intended purpose, and 
the purchasers may rely upon its excellent lasting 
qualities. Directions for sketching the .subjects upon 
the drawing-paper chosen have already been given 
in the chapter on the first elements of Freehand 
Drawing. • 

Chalk is sold in two forms. You can get it in 

VOL. HI. 


small sticks for use with the .povttj-ctayon, or buy 
it in wood, made up after the fashion of a black- 
lead pencil. The former is the bettor when you are 
stump-drawing, and require a quantity of dust quickly 
produced ; the latter is decidedly preferable in 
pf)int-drawdng. There are tw o shades of black chalk 
buyable. No. 2 is a deep soft black, and is generally 
used for blocking-in the rough broad shadows of 
subjects. No. 1 i.s finer and harder, and is also 
generally employed for the liglitcr sha(low\s, and for 
filling up, by stippling, the interstices left by No. 2. 
But in our practice we sliould recommend the student 
to work his drawing all tliroiigh wdth No. 2, begin- 
ning and ending with it. Our leason for this 
recoimmmdation is, that by u.^iiig No. 2 lightly the 
student can obtain all the delicacy of No. 1. The 
using of tlie tw’o numbers is apt to mislead the 
student, and make him think that fincne.ss of finish 
Ls the object to be aimed at, in place of expres- 
sion of form, which is really wdiat constitutes the 
value of his work. We wish to impre.ss this most 
distinctly upon the student, in order not only to save 
his time, hut to prevent him falling into the vices of 
meretricious style, wliieh, wdiatever may be its claim 
to be considered finished work, is far removed from 
w'hat constitutes triitli of form. The student must 
ever bear in mind that the finish in clialk is but the 
means : expres.sion of form Ls what he is to look for. 
Whether the drawing be coarse or finely finished, if 
the form be not exprt*.sscd, the drawing is worthless. 
Of the ab^olute truth of this let the student rest 
assured. 

The French chalk pencils are undoubtedly tlie 
best ; and of tbe.se the sticks marked H. (J. A., 
Paris,” are to he lU’efeired. They are almost univxM'- 
sally adopted in the Government Art Schools. You 
can purchase them for tw opence the stick, both our 
Nos. 1 and 2 bring the s^ime price. The quality of 
the chalk in lhe.se pencils is, how’ever, rather iin- 
cortain, and there is no motliod of dislingnishing a 
good one from a soft or giiUy one but by using it. 
It by no means follows, though, that because a stick 
starts badly, it is bad all thi'ougli ; in fact, the opposite 
is as frequently the case as not. The grit will be 
found in many of them to have peneli ated but a short 
distance, and the remaining part of llic stick will turn 
out excellently. In using a gritty pencil, we would 
advise the student to continue cutting it until the 
grit or the stick is entirely gone. 

A word or tw^o as to the forming of the chalk point. 
If money be of any importance, the sharpening of 
the pencil deserves some consideration. A good point 
is likewise essential to the doing of the work properly. 
The student must not grasp the pencil in the left hand, 
and hold it from him (as we have seen some art students 
do), and then, with the knife equally firmly hold in the 
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righi band, whittle away at it, giving to the point no 
suppoi t at all. The almost certain result of adopting 
this careless way of making the point is that there 
will be no end of breakages, and consequently no end 
of expense. We have seen a stick free from grit cut 
through in half a day after this foolish fashion. The 
best mode of getting a good point we proceed to ex- 
phiin. Take the new stick in the left hand, and hold 
it between the thumb and first finger. It will then 
rest in a part of its length on the second finger. 
Grasp the knife in the fingers of the right hand, and 
press the stick against the right-hand thumb, which 
is left free. Then begin cutting about three-fourths 
of an inch above the end, and very gradually form 
the point by ciireful and delicate use of the knife, 
leaving the chalk bar’e about a quarter of an inch. 
After you have done with the knife, take a small, 
thin, and very fine file, and very cautiously file down 
the point to the required degree of delicacy. In the 
use of the file great care is necesstiry. The pencil 
should be held still in the left hand, its point 
resting iyi its whole length upon the soft flesh 
over the extreme phalange of the first finger. The 
thumb, which is free, will turn it routid as the file 
goes over it. It will not be nccossiiry to file the 
point where only rough broad shadows are required ; 
but when you wish for extreme delicacy, whetlier in 
stippling or 1 latching, wc heartily recommend this to 
be done. B'or all that is nccessaiy in work, the knife 
will be sufficient ; the student, therefore, should from 
the first accustom himself to its use. 

It will not be necessary to give any lengthened 
definition of what is meant artistically by the teim 
‘‘shading.” The pupil will easily undeivstand that 
by the shaded portion of an object we -mean that 
part of its surface from which the light is either 
wholly or partially excluded. The dark side of the 
figure is its “ shaded ** side, or that portion of it from 
which the light is shut off. It will not need much 
explanation, either, to enable the pupil to understand 
that not only does one part of an object exclude light 
from some other part of it, but the object itself sLuis 
ofi* the light from some other object; or, as it is 
termed, “ casts its shadow.” lly way of illustration, 
take a lighted candle, and put it close to the hand, 
in a room otherwise dark. The hand is not only 
shaded on the side opposite to the candle, but it like- 
wise “ casts its shadow ” upon the wall in the shape 
of itself. We recollect the fine use which Wilkie has 
made of this fact in the conception of his “ lubbit on 
the wall.” Another fact for the student to remember 
is, that reflected light has enormous influence upon 
shadows, and the truly fine artist is the one who most 
clearly evinces his knowledge of this influence. By 


forward to some other surface. As an example, take 
a book in the left hand, and place it betw'een yourself 
and the window, so that you look upon its shaded 
side. Then take a piece of white paper in your l ight, 
and hold it so that the rays of light which fall upon 
its surface may be reflected or throwm back upon the 
said shaded side. It will immediately be perceived that 
this latter becomes lighted up ; and this will be the 
case in proportion to the light receiving qualities of 
the object which cafts the I’efiected light. One of the 
finest examples we know of the treatment of reflected 
light is in Keinbrandt’s painting of “The Burgo- 
master.” The burgomaster is reading a letter, with 
his back turned to the window^, his left elbow resting 
ea^il}^ on the w’indow recess. The light falls directly 
upon the letter, and is cast thence upon the face, 
w'hicli is (lius relieved from w’hat could not have 
been, but for this, otlier than a sombre, gloom-fllled 
shadow. There is a marvellous play of reflected light 
and shade upon some of the antique statues— in, for 
example, “ The Oancing ” or “ (tapping kaun.” If 
this cast be jdaced underneath a light from th(5 top 
of the room, so that the rays may full on it at an 
angle of 45®, our meaning will be seen clearly enough. 
An attempt at explanation without the cast w’oiild 
be tedious, because of its complexity. 

Another principle wiiich the student must take an 
intelligent note of may bo stated thus:' Gradation 
of shade produci's the ajipearance of roundnoss or 
piojection. Thus, tlie globe or sphere, as in tig. 1, 
Plate XL! II., is not only a geometrical circle, hut it 
looks also like a globe ; or in other words, one part of 
its surface seems nearer to us than the other, its centre 
representing the limit of the ]>i'onnnencc towards our- 
selves. Take the chalk pencil, or any object with a 
rounded surface, and examine it w ith the view of finding 
out the reason why, without touching it, you under- 
stand it to he round. You wdll notice at once tliat it 
cannot lie either in the body, colour, oi* the outside foi ni ; 
for an ohj ^‘t with square edges, and of the same ('oloiir, 
w’oiild have a precisely similar appearance without the 
gradation of shadow. Its roundness of look is the 
result of a I'Ogular deepening of shade, which, stait- 
ing from the high lights, is continued in the same 
ratio of gradation to the dark jiarts of tlie figure. 
An examination of the drawing will give the pupil 
a better notion of what is meant than amount of 
description in words. Let the pupil take an egg, and 
mark the influence of this pi inciple upon its shadow^s, 
and he will in ^antly be able to make further 
practical aj^plicaticn of the rule under consideration. 
It will not be necessary to enter more fully into 
this general subject of shading hci*e. In the first 
place, we have said enough about^ it to enable the 


reflected light we mean that light which, being throwiyi reader to comprehend fully our subsequent imstruc- 
by one object upon another, is transmitted thence^ tions. We earnestly advise, however, that the sketches 
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in figs. 1 and 2, Plate XLIIl., receive the pupil’s best 
attention, as the remarks which follow on the subject 
of chalk shading will presuppose a thorough a(!quaint- 
ance with the principles there illustrated. The remarks 
which have just Ixjeii made concerning gradation of 
course imply that there are difterent depths of shade. 



The shade immediately joining the high light, in the 
figure of the sphere or globe in fig. 2, Plate XLlIl., 
the pupil will see is difierent in degi'oe from that to- 
wards the lower part of the sphere’s circumference \ 
and it is necessiiry that he should be able to exjmess 
various depths of sh:id 3— slight, medium, and intcaiso — 



Fi<^. <)2. 

over an extended surface vvilh regularity and evenness, 
befoi’i* proceeding to try gradation. For unless he can 
produce a flat sliade — as, for exam])le, the side of a 
rectangular object in fig. 2, Plate XLTTI. — which 
shall be equal in intensity ovei* a given surface, ho can 
never expect to succeed with a graduated shade, which 



Fig. (;;j. 

demands for its perfect expression fine feeling and 
most delicate handling. 

Let the pupil take the rectangle, fig. 61 ; draw 
within its boundaries, taking a No. 2 chalk, a 
number of extremely fine lines in any direction, as 
in the sketch. Then, across these, at an angle — see 
fig. 62 — let him draw other lines of similar fineness, 


and with the same distance between them, giving the 
eflfect as in fig. 63 ; then sharpen his point with a 
kmfe to as extreme a delicacy as he finds possible, and 
fill all the remaining interstices in the .‘‘(juare by 
stippling or pointing, as in figs. 64 and 65. In doing 
this the pupil musii be very careful not to let his 
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point encroach upon any of the lines, or the result will 
most probably be unevenness, the thing he is specially 
to guard against. Let liim use the })()int to dot, point 
or stip])le iq) every untouched poition of the surface 
of the figure, uidil he can find no })art wdiieh has 
been left undone. Now let him make an examination 



Ficr, r>5. 


of his attempt. Probably enongli, theie w ill be much 
to find fault with. Some portions of tlu‘ surface 
will be liglitei- than others, and most likely his iii-st 
clFort at stippling has mainly icsulted in .-mal], black, 
irreguhu* jjatches, which 'irlU show’ themseKos. Do 
not let him ])ermi( this, however, to dishearten him, 



but let him draw surfaces of the same deptli of siiade, 
and he will at length be able to produce one tolerably 
even or uniform in surface. 

Figs. 66, 67, 68 and 69 show’ difTerent degrees or 
tones of shading. It will be understood that figs. 61, 
62 and 63 show’ the succe.ssive steps taken in getting 
the groundw’ork of tlie shade. 
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THE TECHNICAL STUDENT’S INTKODUCTIOH 
TO THE GENEEAL PRINCIPLES OF 
MECHANICS. 

Laws affecting ^^atural Phenomena— Mattbb 
AND Motion. 


CHAFIER XX. 

Illuf tratloni of the Centre of Gravity of Bodies as influencing 
their Stability or tho Mechanical Security of Structures. 
We have seen that the terms .“centi*al point,” 
“balancing point,” “centre of weight” and “centre 
of gravity” all mean the same thing, but that the 
latter is the established or universally accepted term. 
There is, however, another term which is synonymous 
with those now named ; this is the “ centre of inertia.” 
The reason for this the young reader will perceive 
when he considers what we said in commencing our 
remarks on this subject of the centio of gravity : that 
this central point of bodies is that point to wliicli, if 
a force bo applied exerting upon it a certain influence, 
that influence is exerted upon the whole body or mass. 
If, for example, that force sullices to move tho central 
point of a body which is at rest, and to set it in motion, 
it sets the whole body in motion; just as, conversely, 
if the central point of a body which is in motion is 
influenced by a foj'co or power or energy whi(!h slops 
it, it stops or arrests the wliole mass or body. The 
young reader may have a dilliculty to see at first 
sight that this must theoretically bo so, and it is 
necessary that he should understand the point. Xor 
are wo, in saying this, overlooking what he may 
advance — namely, wliat cyin be the use of saying 
anything about applying a force to the central or 
balancing point of a body, seeing that that point is 
enveloped, so to say, in a mass of matter or molecules 
so that it cannot be reached 1 This objecti jii, in point 
of fact, is in one way a sound, indeed a common-sense 
one, inasmuch as in practice, in everyday work, when 
we apj)ly‘ a force or use a power or develop an 
energy to move a body, as in putting out muscular 
exertion of our own body upon it, this application 
is made externally — that is, we pbico our band upon 
the outside of the body or mass to be moved — and 
that, even if wo would, we could not reach to or get at 
the central i)oiut of the miiss. So that (our young 
reader may go on to say) it would be more to the 
purpose if we said that if we move the outside part of 
the mass or body we move the central part, or what 
we liave said is the centre of inertia, as also it is the 
centre of gravity. All this is quite true ; nevertheless 
we say that it is necessary that the young reader 
should comprehend what wo have stated : that in 
affecting the centre of inertia or giavity — the two 
being, os we have stated, synonymous — we affect the 
whole mass or body. For this, he will see presently, is 
tbali which affects the whole of the phenomena of the 


stability of constructions dealt with by tho community: 
that it is the relation, os we have already stated, which 
the central point of a mass or its centre of gravity 
bears to the whole mass, and to tho base upon which 
Urn construction oi’ body stands, that affects and brings 
al»out its stability or otherwise. We proceed now to 
show how this is ho, taking up, in the first place, tho 
points affecting the stability of bodies at rest or 
stationary. 

IlIaBtrationB of the Centro of Gravity aa affecting the 
Stability of Bodies at " 

Wo may safely take it for granted that there are 
but few who would not be able at once to say which 
of two bodies was the more stable or secure, or, to use 
the popular phrase, firm — one of which wjus broad 
and low, the other narrow and very high. Of those 
two bodies we seem, as it were, to know intuitively that 
tlie tall or narrow object, as a 6 c in lig. 9, would be 
more easily overturned, as we should say, than the 



broad and low object, d efg. We shall see presently 
that this term “ ov(‘rturned ' can ies with it what will 
make .some of tho theoretical ]U)inis connected with the 
subj(*cts now being considered t*asily and ju’actically 
understood. Stated genemlly, tlio stalnlity — or slcadi- 
ness, to use tho popular phrase- -of any object which 
we suppose in our illustrations to be placed upon, 
standing or based upon tlie gi ound or earth surface, 
depends first iq^on the fact whether its centre of 
gravity or balancing point is well witliin its base or 
foundation ; wdiich condition involves wliat may bo in 
itself the second condition of stability — namely, tliat 
in which it is a difficult thing to turn over or change 
the position of the centre of gravity from its normal 
position within the base or foundation ; so that it is 
changed to a position beyond or outside of tho base. 
It will be seen presently that the one of those two 
conditions involves the other, and that as a conse- 
quence, wlien the centre of gi'avity falls or is made to 
fall beyond or outside of the base, tlio object or body 
turns over, and falls, as tho popular phi-ase is. Let 
the young reader remember what we have said in a 
preceding paragraph, — that if the centre of gravity of a 
body be left free to move, as the plummet or ball t in 
8, when the cord w t? is cut or loosened from its 
fastening at w, it drops vertically, and this in a direc- 
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tion tending to the centre of the earth, and that with 
the movement of tho centre of gravity the whole body 
or mass moves. Assume now that tho point h in 
fig. 9 is the centre of gravity of tho body def g — 
which in form or shape is what is technically termed 
a truncated pyiainid ” (see “ The Geometrical 
Draughtsman ”). This is obviously well within 
tho base f g^ and it also lies low. Wo shall see 
presently how this position of a low centre of gravity, 
which is obviously nearer the base f g than it is 
to the top d e, as the distance on centre line is 
less than distance h j — makes it a difhcult matter so 
to act upon the body that its centre of gravity shall 
be turned over or changed from its normal position h 
on the centre line — which is the line of natuial gravi- 
tation — to a position on either side of it so far that 
it will get beyond either the point g or that is, out- 
side of tlie base. Take now the object to the left in 
fig. 9, and assuming that it is of equal s(‘ction through- 
out, and of homogeneous material throughout, this 
will place its centre of gravity in the middle of its 
height, as at point k ; this throws it as far from the 
biis(' h c as froTU the top a. So long as the centre of 
gravity k i-emains on the vertical lino vi h o, and there- 
fore within tho base h c, the tall object will remain 
stable — that is, it will keep standing verticjdly. But a 
glance at tho two ligures will enable the young reader 
to perceive that it will be much easier to move tlie 
centre of gravity 1c by any force which wo suppose to 
be represented by and acting in the direction of the 
arrow L so that it will be beyond the point b ov c of 
tho base h c, limn it will be to move tho centre of 
gi*a\'ity h of the object d ef g beyond points f or g. 
And this for two reasons : first, that the distance m h or 
m c is much shorter than the distance i f or / y, and there- 
fore the force represented *l)y arrow / will have to bo 
exerted for a longer period than the force represented 
by ari’ow acting on tlie centre of gravity h of the 
body d ef g. Or if tho moving of tho centres of 
gravity of the two bodies or objects ah c, d ef g, so 
that they go beyond the base point s 6 c or f g^ has to 
bo done in the same time, the force 7i mast be greater 
than the force L Tho second reason why the centre 
of gi'avity will be more e.'isily moved in tlie case of 
the object ahe than in tliat of de fg^ arises thus. 
In overturning tho>e bodies by forces represented 
by and acting in the direction of arrows I and ??, 
the objects will move or turn upon the corners 
c and y, and tho centres of gravity will describe 
or move along a curve or arc, the centre of which ^is 
c or y. But of these tw^o curves, the path of the centre 
of gravity or the arc of the body a 6 c is a curve 
of easy, that is of a falling descent throughout its 
whole length; the path of the centre of gravity h 
of the body (Z e/y is a rising curve in the first part 
of its path, before it gets into a fulling or de- 


scending line. In other w^ords, the path or curve 
of the centre of gravity k of the tall object a h c 
facilitates the pushing over or overturning force 
represented by ari'ow / ; the path or curve of the 
centre of gravity h of body d ef g is a resisting curve, 
so that it has to bo lifted up befoie it re^aclies or 
assumes the pohition of a felling curve. Thermo two 
points are gnqdiically shown in fig. 10. Let a h 
be the same object as a h c in fig. 9 ; c being the 
centre of gravity, in which position tho yonng reader 
will observe the whole tendency of its weight is to 
keep it firm on the gionnd, pressing on its surface, in 
its natural tendency to sink into the ground in the 
direction of the line of gravitation, c h. Suppose now 
the pushing foiCvi to come into operation at y, and 
that it pushes the object till it assumes the position 
at i ; tho centre of gi avity thus falls from posi- 
tion c to d. The force of gravitation thus acts in 
the line d ?, so that the •centre of giavity is a little 
beyond the base. The pushing force at y being con- 
tinued till the object assumes the position h y, the 
centre of gravity lias fallen on the curve or path from 



c to e, which is far beyond the base ; the vertical line 
of gravitation cutting the base line at point k. But 
not only is the curve c f the palli of easy descent, in 
virtue of the centre of gravity c of the erect or stand- 
ing object being high ; but the young reader will 
perceive that the moving of the centre of gi’avity 
h'om the high or normal position c to lower positions, 
as d and e, is facilitated by tho action f)f gravitation 
coming into force in another direction. Thus, in the 
position h, the portion of the object outside of the 
vertical line d ?, in virtue of its weight, has a tendency 
to gravitate or diop downw’ards, as it is free to fall, 
(like tho plummet or weiglit t in fig. 8, ante,) wdien 
its. cord u V is cut in the dii*ection of arrow Z, fig. 10. 
ThLs action of gravitation is still more pr'onouneed 
wdien the object a Z* is pushed by y till it gets into 
the position of y, when nearly the whole weight — 
shown by shaded lines — of the body acts in the dii*ec- 
tion of gravitation shown by the arrow w. So rapidly 
do those two causes begin to act, that shortly after 
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the pushing force g is exerted, the object falls pros- 
trate, ns at/. 

IllustrationB of the Centre of Gravity (continued'). 
Turning now from the diagram in preceding figure, 
whicli illustrates why it is what is called an unstable 
object — and which the young render has almost intui- 
tively felt to bo so, though whg he did not, as we 
assume, know — turning from this to the diagmin in 
fig. 11, which as intiiitively he feels to be a stable 
bjoct, or one which popularly described will have a 
firm position, he will see how completely the con- 
ditions are changed. Here, as before — see d ef g in 
fig. 8 (ante ) — we have a body wdlh the centre of 
gravity, a, low, or near the solid ground on wliich 
the body is supposed to re.st, the pushing force 
represented by arrow b tending to turn the body over, 
moving on the corner c as a centre, gives a rising 



rig. n. 

curve, a d c, ns the path of the centre of gravity a. It 
will take, therefore, a considerable force to move the 
centre of gravity from position a to the positions at 
d and e; and even when it rises as high as point / 
the vertical line of gravitation dropped from it falls 
within the base, as shown. If the young reader will 
go back again to fig. 10, he will remember that with 
the falling curve or path of centre of gravity of the 
object there illustrated, the w^eight or gravitating 
powder of the body began to act very quickly, as shown 
in the dotted lino parts at h and j. But in the 
more stable object in fig. 1 1 , now being considered, this 
weight or gravitating action of the body is for a con- 
sidemblo part of the path or curve in favour of the 
body remaining in its position, or against its being 
overturned. For take the louver diagram in fig. 11 
to represent the position when the centre of gravity 
hiis been moved up to point / in the diagram to 


the left, a very large portion of the object, as a ft 6, 
shown shaded, is within the base ft, and this portion 
having its gravitating tendency in the vertical diiec- 
tion, as shown by the arrow d j if the forcing-up 
tendency which is shown at arrow g in diagram to 
the left lifting the corner h is in any degree relaxed, the 
part ah c in the diagram to the right wilhfall. And in 
pushing the corner /fm*ther, till the centre of gravity 
a in upper diagram reaches a higher point, as d^ the 
portion dee has to be contended with. Hence the 
gi'cat stability of this form. That of the greatest 
stability is the pyramid, wliich is formed by extending 
the sides /(/, g e, fig. 9 (ante)^ till they meet in the 
point o. The form of least stability Avould be the 
pyramid inverted. It might be possible to balance this 
with the point o resting on the ground ; but it would 
take very great skill and patience on the part of the 
experimenter to accomplish it. 





Fi- 12. 

The Centre of Gravity of Moving and Booking Motion. 

From preceding paragraphs in this section and that 
treating on gravitation, our young reader will per- 
ceive how it is tliat the centre of giavity of a body 
always seeks, so to say, the lowest point, or tliat 
nearest the ground, or tlie surface on which it is 
placed, whatever that may be, as a platform or the 
bfuse plate of a machine ; in other words, that the 
centre gravitates in the direction of the earth's centre. 
This is equivalent to saying that a body comes to 
the state of rest, supposing it is free to move, when the 
heaviest part of it gets nearest to its base, or the 
surface on which it rests. And tlie pec-uliarity of the 
path of motion of a body free to move, and seeking — 
so to phrase it — a state of rest, depends upon the 
relation of the centre of gravity to the lowest point 
whi^ the body can reach, or to the surface of the 
enwk or other surface on which the body rests. Thus, 
if we have a wheel, as a pulley a ft, fig. 12, “ hung,” as 
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the technical phrase has it, or suspended or fixed on an 
axle, shaft or spindle, c, free to move on its bearings, 
if the wheel or pulley be of equal weight — that is, well 
balanced — it will rest in any one position which it may 
be made to assume ; as a 6, or if the point a be raided, 
to d> But if to the upper part of the pulley or wheel 
a heavy body, as a piece of lead, /, were attached, 
as by flexible clips like those used to aflix a “fog 
signal ” to a railway bar, the moment the weight / was 
released from the hands jind the pulley free to move on 
its axle or shaft, the weight, and with it of course the 
pulley to which it was attached, w’ould move round 
either in the direction of the arrow or in that of A, 
till it reached the lowest point, ?, wdien, after some 
oscillation like a pendulum, it would th(‘re remain at 
rest ; and if the shaft or spindle were suddenly broken, 
the pulley and weight would drop in direciinn j verti- 
cally till it reached the ground or f-omc solid resisting 
surface. The same would hold true of a solid ball 
or globe h placed on the ground or other surface I 
suppo.^ing it to be of homogeneous material through- 
out its mass, as there would thus bo an equal Aveight of 
janateiial round the centre k at all points radial to that 
centre. The ball >vould tin is bo indiilcTcnt, so to say, 
to any position, and w’ould remain at rest in any wmy it 
was placed on its I'a^-e I ni. But if, as in the ca5*o of tlio 
pulley a 6, one part, as Avas hea\ner than any otlior 
part, if left to move, this weighted part would seek tlie 
lowest point, or vpuld gravitate to o, turning round 
either by the curve p or according as the bias given 
on releasing the hand, for example, from the weighted 
part m ; and this bias or influence due to muscular 
action w’ould be present, although not perceptible io 
the experimenter. This arrangement is that of the 
well known toy which consists t)f a hall on which a 
grinning figure is seated. As the lower part of the 
ball is heavily weighted, as at o, how^ever persistently 
the juvenile puslies it down towards the base right or 
left, the moment the figure is let go or released it as 
persistently rolls back to its original and vertical 
position, and this greatly to the delight of the 
juvenile, puzzled much to account for the curious 
movement. The motion wliii'h the ball thus arranged 
as a toy has is called a rocking motion. The rocking 
motion of a body with a curved base is further illus- 
trated in fig. 13, where the curve in which the body 
a h I'csts on the ground or surface c d is not spherical, 
but elliptical. In tliis the line of gravitation from 
the centre of gravity a passes through the point 6, on 
wdiich the body rests on the surface, and is therefore 
at rest. Let us suppose that a force acting in the direc- 
tion of arrow e presses down the end f till the body 
assumes the position as at y h. B}' the force acting on 
end /, the centre of gravity a is obviously raised in 
a curved path. This throws the point of contact of the 
body with the surface to the left of the point- 


which corresponds to h on the line a h ; the weight of 
the body is therefore now chiefly on the side opposite 
to the point of contact and the result is that when 
the force as e is i*eleased or taken oif from the end g 
corresponding to /, the end of the body h falls to or 
approaches the surface or base towards and is, 
by the momentum which it acquires, carried so 
far down on the curve 6 n of first figure, that 
it assumes somewhat of the position in the third 
figure where the conditions are just the oppo.sile of 
those in the second figure- that is, the point of con- 
tact /> of the body is now on the side of line o q ; 
hence, as the w eight is chiefly on the end o j?, the body 
falls from s towards and again the momentum so 
carries it on that the opposite end s rises till it assumes 
the position somewhat as at /i. These oscillations 
or rockings or swingings — as they are by the latter 
name sometimes called — become less and less decided 
through the action of friction, etc., with each change 





of motion, till finally the body comes to a state of fest, 
just as a peiuliilum ceases to oscillate to and fro if 
it ho not under the influence of a continued force, as 
falling weights or a spring. But if the force be 
applied so as to keep the IxkIv, as a h / n, in continued 
and alternate rocking motion, w^e have a rocking 
machine or rocker, which may be paitially filled Avith 
some material wdiich requires to be moved to and fi^o. 
It w’ill be obvious that tlie character of the rocking 
motion will be dependent upon the character of the 
curve of under surface, such as fh n. If the tjurve be 
long, ,as there shown, the rockings wdll be slower than 
if it be short, 'as at t u ; and if the height of the body be 
considerable, throw ing the centre of gravity, as at v ta, 
high, it will have a great tendency to bo overturned, 
too much of the weight being thrown on the side of 
the line tv //, so that it may not be able to take the 
return swung or rock when the acting force is released. 
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THE GEOMETEIGAL DBAVGHTSHAH< 

His Work in the (Construction of the FiauRKS 
AND Problems of Plane Geometry. Useful in 
Technical Work. 


CHAPTEK IX. 

Through a Point flg 42, at some Distanoe from a Straight 
Line h r, to draw a Straight Line which makes with the 
Straight Line h c a given Angle. 

Through the point a di-aw a straight line, m 
parallel to the stmight line h c ; then from the point 






x 


\ 






Fig. 12. 

a draw the two stmight liries, a x and a y, forming, 
with 7n 71, an angle equal to the angle given. These 
two straight lines are those rerpiired, for the angles 
7/1 a X and a x c, n a y and a y h, are equal. 

To Draw within a given Angle b a r, fig. 4S, a Straight Line, 
a X //, equal to a given Line and which is Parallel to 
another Line, s s. 

Thi'ough the point a, the apex of the angle given, 
let us dmw a line a r parallel to the line s. Take a 
distance, a r, equal to the given length, I j through 



the point r draw a line r x, parallel to the side a h ; 
this line cuts the other side, a c, at the point x. From 
a, on tlie side a by set off a distance a y, equal to 7* x. 
Join the point x at the point y. The line x y i.s the 
line required. It follows from this construction that 
the quadrilateral arxy has its two sides, r x and a y, 
equal and parallel ; the two other sides, a a and x y, 
are then equal and parallel. 

From a given Point m, fig. 44, to draw Straight Lines the 
Parts of which between Two Parallels, a b, c i*, are Equal 
to a given Line. 

l^rom any point a, taken on one of the two straight 
lines, A 6 or c r/, describe, with the length I as radius, 
an arc of circle which will cut the other at the points 
r and 8. Draw the straight lines ar^aSy and then 
through the point m lead m R and m s parallel to the 


lines a r and a 8, The portions •j R and Q s, embraced 
between the two parallels a b and c D, are exactly 
equal to z, for they are equal two by two to the lines 
a r >nd a 8, os parallels embraced between parallels. 
There are two solutions. There evidently would not 
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\ 

\ 

\ 
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Fig. 44. 

be two if the given length z wei*e shorter than the 
distance of the two parallels. 

To construct an Angle Equal to a givei Angle, fig. 45. 
From the apex h of the given angle e b and 
fTOm the given point describe two arcs of e(|ual 




radii ; make c d equal to e /; draw the straiglit 
lines a c and a d ) c ad is the angle re(]uired to 
construct an angle equal to a given angle (lig. J5). 

To divide a Straight Line into Extreme and Mean Pro- 
portion, fig. 46. 

At the extremity b of the lino a h, raise a perpen- 



dicular, b Cy equal to the half oi a b ; from the point e 
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as centre, with the radius c h, describe a cii'cle, and 
draw the line a c, which will cut the ciivle at <L Take 
a /, equal to a dy and the line a i is divided in mean 
and extreme proportion — that is to say, in that of 
ab:af:: af:fb. 

To divide a Line, as a b, into Equal Parts ; for Example, 
Pive (fig. 47). 

At the point a draw a straight line, a c, forming with 
a h any convenient angle ; divide this straight line into 
five equal parts ; join the extremity of the last part, at 
its point 5, to tlie point h of the line a hy and to this 
line draw parallels through all the points of division. 
These paiallels will divide tlie line a h into as 
many equal parts. 



The segments determined by these parallels on the* 
straight lino a b are equal, for they are proportional 
to those of the straight line a 5 c, which ai‘e ecpial 
by construction. The above problem is somewhat 
troublesome when the geometrical draughtsman ha.s 
not at disposal any mechanical appliances for 
drawing the parallels. (See “ The Engineering ami 
Archk-ectural Draughtsman.) We give now a coi - 
struction which is in princi])le the same as the jne- 
ceding, but which presents greater facility of execution, 
and at the siime time exactness, wlien we liave only 
(he ruler and compass to work with. 

Commence as described in the preceding process by 
drawing a line a x (tig. 48), on which is .set oH’ five times 







Fig. 48. 

any convenient length. Join the point 5 to the point 
B. From the point a as centre, with a 5 for mdiu.s, 
descril>e an arc of a circle which cuts at 5 ; for example, 
the straight-line 5 B. ^Draw the straight line a 5, 
and from the point a as centre descaibe with radii 
A 4, A 3, etc., a series of arcs, which give on the line 
A B points 4', Xj etc., equidistant from one another. 


Join them as in the diagram. Thc»^e lines, w hich are 
evidently^ parallel one to each other, and (a 5 B, give 
the points which divide the straight line a b into the 
desiml number of equal parts. 

We give here a third method. 

Wc draw the straight line x Y (fig. 49), parallel to 



Fig. 49. 


the line a b to be divided into equal paitN. On this 
.straight line, x Y, starting fi-oni a point o (zero), set 
oli’ns many times as neces.sary any convenient length. 
Join the point o to one of the ends of the straight 
line and the last point of division 5 ; for example, 
to the other end. The.se two sti'aight line.s meet at 
a point o, which join to the points 1, 2, 3, etc. 
These lines. 0 1, 0 2, 0 3, etc., det<‘rmine on the .straiglit 
line A B points py (j, Vy etc., which divide it into oiiual 
jiart’s. 

To divide a given Straight Line into Farts which are one to 
the other as Twd given Straight Lines, in and //, fig. 50, 
or Two given Numbers. 

The second case i.s readily connected w’ith the fii-st, 
for it is easy to find tw^o .stmight lines which are one 
to the other as two given numbers. Let A n he the 



Fig. 50. 


line to be divided into two parts wdiich are in iclation 
ono to the other like the two straight lines ni and n. 
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THE BHILDINO AHD THE MACHINE 
DKAUGHTSMAN. 


CHAPTER XVI. 

At the end of lust chapter we pointed out that the 
sides of blocks projected might show apertures, in 
which case these might be shown in the projections 
or drawings. Tims, a rectangular opening is shown 
in tlie side m n o fig. 31, which w’e may suppose 
to be the projection of the liouse of wliich wo give 
the pavilion roof, as already explained. How such 
openings or other pecuUariti(‘s are projected will be 
understood, so far as the principle is concerned, by 
inspection of fig. 32. In this let a c be part plan of 
a house or other hollow body in which openings, as 
dy Cy fy are made in the front line, ainl an opening 
g at the end, or what is teclinically called the 
“return” of the plan. To obtain the position of 


principles of projection, but will carry with them 
also not a few practical lessons in the delineation of 
different views of special subjects. To some of these 
wo have referred, and others will clearly be suggested 
to the reader on his farther thinking over their 
peculiarities. We have shown by those diagrams the 
relations wrhich different views of the same object 
Ijave to each other, and how these can be made avail- 
able in facilitating the projection of one view from 
data obtained in the projection of another view. It 
w’iil, on due consideration of the diagrams we have 
thus given, be obvious that an interchange of those 
relations m.u y ])e made ; so that if the elevation is first 
pj-ojeelcd or if given from its points the plans may be 
obtained, and i^o on. As the student-reader cannot 
have too clear an idea of the various methods adopted 
in tliis, and other directions in practice, we give, in 
fig. 33, at h i j k I m h, w hat may bo eoiisidei*ed as 
the “ block plan ” of a house of which the height of 



these openings in the elevation, the same method of 
projection is adopted, as already fully explained and 
illustrated in connection witli preceding figures. This 
is showm at h ?, giving tlie vei tical lines as^‘, ky L The 
horizontal lines w hich terminate at top. and bottom 
the openings thus partly projected, are obtained thus. 
Assuming those oy)enings to be all “ window^ openings,” 
or “ veids,” as they are technically termed, the 
height from “ general line ” or “ base line ” h i to the 
“ cill ” or “ sill ” of the window void is equal in the 
diagmm to the line m, the height to top of void l:)eing 
equal to line n. With distance m, from point h or ^ 
set oft* to 0 or p, and wdth distance n set off* from same 
points to q and r. From q and o, parallel to h f, draw 
lines as ^ r, 0 p ; these wdll give the bottom oi* cill ” 
and top lines terminating the openings or voids at s 
and t. The projection of end or return at h and void 
g is obtained in tho same way, and is shown at u v. 
The diagrams w’e have thus far given will not only 
convey to the reader a good notion of tlie general 


tho central p:u‘t a' is equal to a hy and c d that 
of the wings b' b'. a! b' b' is the elevation of the* 
side, looking in direction of arrow 1, and a' b' of the 
end, looking in the direction of arrow 2. These projec- 
tions are obtained from data of tho plan in precisely 
the same way as those projections we have already 
described; the heights as from e to /being equal to a 
given height, as c dy and that from g to h equal to a 6. 
It will be observed that the view in diagram c c is an 
end view looking at the front elevation a' b b' in the 
direction of the arrow 3 or 4, and that this is the same 
as the end elevation in e. f g h to tho l ight. In both 
these views the letters showing the heights correspond 
with those showing the same heights in the front 
elevation. This figure 33 gives us lessons in the 
method of obtaining a diagonal view of the object, 
to which we shall return in due course after desciibing 
tho principle upon which the lesson is based. 

10e have hithei’to been considering the projection 
of bodies of which the plans and the geneml form 
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have been rectangular, the linos being at right angles 
to each other. We now proceed to show how the pro* 
jections of bodies otherwise formed can be obtained. 
The elevation of a block circular in section or plan, 
and of height equal to a b, fig. 34, is simply a rectangle 
of which the breadth c d is ecpial to the diameter of 
the circle ef, and the heiglit equal to ah) the lines 
being obtained by producing lines, as f dj e c, from the 
points the extremities of the diameter cf circle 
cutting a line c (2, making d-g equal to a h, and joining 
(j h parallel to c d. In the same figure, the projection 
of a b( dy in wliich the plan is a swmicircie ijk is 
shown at / m n o, wliich the reader will see is just the 
same in appearance as the projection at cdgh) so 
that, looked at without the aid of the plans, no defi- 
nite knowdedgo could be had as to what they were. 
In these and in similar cases “ shading ’’ comes into 
use, as to which pi*esently. It will be observed that 
all elevations of the body circular in plan will be 


or semi-diameter, in place of the diameter ih of the 
semicircle, the elevation would be different so far as 
the width or breadth was concerned, though the 
height might be the same. Thus the projecting lines 
being as at j d\ h’ c\ giving a 'width equal to c d ' — 
the projection of elevation would be as at j b' d d' , 
and it would obviously ho the same as if the plan w ere 
looked at in the direction of the arrow 1, in place of 
that indicated by tho arrow 2. 

We have stiid above that the projections or views 
of two bodies would pic.-ent precisely the same 
appearance, although the bodies would be essentially 
different in character, as in tho case of the tw’o dia- 
grams in fig. 34. Thus tho elevation of the body 
circular in plan, as at cdgh, fig. 34, is precisely the 
same as that of tho body semicircular in plan, shown 
at / 7n n o. In like manner the elevation of j k taken 
on the lino jf h\ and which is showm at m n, fig. 1, 
Plate CLXXV., w^ould be precisely the same if tlie 



precisely the same, no matter in wdiat diicclicn the 
diameter of tho circle is placed in relation to the 
circumference. And it is the diameter wdiich decides 
the character of the projection of the elevation. Thu.s, 
if in place of the elevation being as at e it w^ere as at 
2) ([, the projecting lines would go in the direction of 
r/ 5 ; if the elevtition were oblique, as at i it, the 
projecting lines would ho thrown or token in tho 
direction of t v, u w. But in each and in all of these 
Ciises the projection of ** elevation ” would bo precisely 
the same as in cdgh) for the lines at right angles to 
the projecting lines, as the lines rs, vw, x^f, would 
all be equal to e /. The siime would be in the case of 
the projection of elevation of the body semicircular 
in plan, as at i j k, if the projecting lines were in the 
direction of i z, k a\ If, however, the projection of 
elevation were made in the direction of tho radius 


end, in place of being rounded, as atj k, fig. 34, 
were flat, as at w in fig. 1, Plate CLXXY. It 
is in such and in like cases that tho diflerent methods 
of shading come to the aid of the diiuightsman. 
If tho reader will turn to the series of papers in 
this work entitled “ The Ornamental Draughtsman,” 
he wdll find the subject fully described, and the 
methods of obtaining the ditlcrent eficots illustrated. 
Although the methods used by the ornamental, in 
obtaining these effects, are different from those used 
by the architoctuial and engineering dimightsman, the 
principle or method upon which these effects depend 
is precisely the same. We proceed to illustrate in 
simple diagnim the conventional methods employed in 
indicating the chai’aeter or form of parts of projection 
or view's of different objects by means of shadhuj. 
That the projection or view’ cdhg, fig. 34, in eleva 
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tion, is that of a rounded or a cylindrical body in plan, 
as at e/, is shown by shading it as in the diagram 
abcdf hg. 1, Plate CLXXV. The shade is darkest at 
the edges, as a h and c d, and gradually dies or fades 
away into the general tone or tint of the paper, or 
of the body colour ” or “ wash ” used to indicate the 
matoiial of which the body is composed — whether that 
be of wooil, stone, or one or other of the metals. But 
it will bo observed (see ‘‘ The Ornamental Draughts- 
man,” chapter on Shading) that the width, breadth, or 
extent of the shaded surfaces in the diagrams inn d p 
is different on one side fx'om that which it is on the 
other, as well as different in depth or darkness. The 
darkest and broadest shade is always at the right 
hand of a rounded, cylindrical or convex body, as at 
the side c cZ in the diagram in fig. 1, Plate CLXXV. ; 
the lightest and narrowest at the left-hand side, as 



FiV, 


at ah. This arises from the principle of shading and 
the projection of shadows,” adopted by artists and 
draughtsmen — namely, that the light proceeds to or 
strikes the plane of the picture or drawing as if 
coming from the left hand. The left hand, therefore, 
must be the lightest in shading, as it is nearest the 
source of the light. But the effect thus produced, as 
in the diagi-am of the convex or rounded body in 
a h c dy fig. 1, Plate CLXXV., is reversed in the 
case of a body concave or hollow : how this is we 
shall presently see from a succeeding illustration. The 
view or prcjjection of the semicircular body i j k 
in fig. 34 is shown in diagram I m n o, wliich un- 
shaded is precisely similar to the projection c d g h 
of the convex body ef\ although this is rounded, 
while one side i k of body t j k is flat when looked 
at in the direction of the arrow 3. If the view or 
projection eXl mn o was designed to show the lx)dy, 


as in elevation, it would be lined as in diagmm efgh 
in fig. 1, Plate CLXXV, ; or if coloured, would be 
tinted with a wash or colour perfectly uniform or flat. 

If the projection, as I in n o in fig. 34, were designed 
to .show the face of ij k, looked at in the direction of 
the arrow 3, it would be finislied with cross or oblique 
lines, as in diagram ijkl in fig. 1, Plate CLXXV. 
This is technically called hatching,” more specifi- 
cally cross hatching,” by some draughtsmen “ cross 
lining.” Those lines proceed generally from the right 
hand to the left, as in the diagram, and are put in or 
drawn by means of the set-squai*e ” of 45°. If put in 
too closely the drawing looks heavy ; if the lines be too 
far apart it gives a coarse look to the drawing. The 
character of the^e cross or hatching lines is different 
in difierent sections : thus, to indicate one material, 
as for example brick or brass, the lines in dingr-am 



oi. 

ijkl might be used ; to indicate wood or cast iron 
the lines might be as in diagram in n ; if to indi- 
cate stone or steel, the lines might be as in diagram 
op. 

Taking now the projection of elevation of the body 
ij k on the line j h, fig. 34, if not shaded it would 
appear as in diagram gr, fig. 1, Plate CLXXV., and 
it would be precisely the .same as the projection in 
elevation — also unshaded — of the same body, but 
with the end j k, fig. 34, flat, as at u v in fig. 1, 
Plate CLXXV., in place of rounded, while the flat- 
line projection would be simply as at f/r in same 
figure. But the rounded end, seen as wLen the end 
j k, fig. 34, was looked at in the direction of the 
arrow 2, would be when shaded as in diagmm sty 
fig. 1, Plate CLXXV. ; the shading being confined 
wjfcly to the right-hand side, dying or toning down 
gradually to the main colour of the drawing. 
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THE STEAM ENGINE USEE. 

Thf Dipfeuent Classes of Engines used chiefly fok 
Manupactuking and Agricultural Purposes.— The 
Leading Dj.tajls op Steam Engines- Constructive 
AND Operative.— Their Practical Working and 
Economical Management. 


CITAFrER XV. 

Watt says ; I proceeded to iraike a model of my 
method, whicli answered my expt*ctationa ; hut having 
neglected to take out a patent, the invention was 
communicated hy a workman employed to make the 
model to some of the people ahout Mr. Washrough’s 
engine, and a patent was taken out by them for the 
appliaition of the crank to steam engines. Tn these 
circumstances T thought it ])otter io endeavour to 
accomplish the same end by other means. Accord- 



1781 I invniU'd and took out a patent 
for several jaethods of producing rotuti\e motions 
from recij)rocating ones, amongst which was the 
method of sim^aud-planet wheels.” 

Fig. 29 illustrates the sun-and-i)lanct ” motion as 
published by Watt in his ])atent specification dated 
1781, and which was perhaps his most successful sub- 
stitute for a crank. In the year 1780 a patent was 
taken out by Pickard, of Birmingham, for a new 
invented method of applying steam engines to the 
turning of v heels.” In the specification it is stated 
that a lever, commonly called a crank, is fixed to the 
shaft or arbor of a groat wheel, the pin of the crank 
being inserted into one end of a spear or carrier, the 
other end of which spear is connected by a moving 
joint with tlie regulating or great working beam, and 


in some cases to the piston of the fire-engine cylinder.” 
In this description will be evident the arrangement as 
now^ generally adopted ; but as the cmnk was only 
applii*d to a single-acting engine, it was only available 
for giving motion to the rotating shaft during the 
downstroke of the piston, the rest of the revolution 
being left for completion by the fly-wheel’s momentum 
alone. 

Before the introduction of uhat i» known as pamllel 
motion into the working of beam engines, the connec- 
tion between the piston-rod and th(‘ beam was efiected 
by means of a chain yaissing over an arc on the end of 
the beam. This form of coiinc‘ction is shown in a 
previous illufttralion of Newcomen’s engine (fig. 22), 
and also in fig. 27. Similar connections are made 
between the beam and the juimp rods. 

One of Watt’s earliest inventions was a combination 
of level's which enabled the piston to move in a 
vertical line, and at the same time allowed of an 
almost direct attaclnnent between the piston and the 
beam. In the words of the specification of his patent, 
dated 1784, we road : — 

- My second new improvement on steam engines 
consists in methods ^of directing the piston -iods>, the 



pump rods, and other parts ol these engines, so ns to 
move in perpendicular or other straight or riglit lines, 
without using the great chains and arches commonly 
fixed to the working beams of the engines for tliat 
purpose, and so as to enable the engine to act on the 
working beams or great levers both by pushing and 
by drawing, or both in the ascent and descent of their 
pistons.” 

The apparatus here described is illustrated in 
fig. 30. A u re2)resents the beam of tlio engine, the 
piston-rod l)eing jointed at p to the rod b d, one end 
of which is attached to an iron lever, c D, centred on a 
fixed support at c. 

. As the befim oscillates, the point B describes a 
circular arc on the centre A, and the point D descrihea 
a like arc on the centre c ; and, as Wait himself 
describes it, ** the convexities of these arcs, lying in 
opposite directions, compensate for each other’s varia- 
tion from a straight line, so that the point p, at the 
top of the piston rod, which lies between these con- 
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vexities, ascends or descends in a perpendicular or 
straight line.” 

Another form of parallel motion is shown in fig. 31, 
the various levers being only represented by simple 
lines. A is the centre of the beam, B c is the main 
link, D E the radius rod or bridle rod. As the end B 
of the beam moves up and dowm on the centre a it 
de.'Cribes an arc of a circle. A similar arc is described 
by the radius rod as the point n rises and falls round 
its fixed centre E. This rod should bo of tlie same 
length as lialf the beam that is, the distance between 
the points n, e, should be equal to the distance 
between the points A, n. 

It will be seen that if no such arrangement as this 
were provided, the strain on the stufiiiig box and 
ghind of the cylinder would be so great as to seriously 
injure them and render the joint leaky. 

In later years the parallel motion has been almost 
superseded by a much simpler mechanism, in the 
form of guides or slide bais, with wliich there is, of 
course, m(U-e friction ; and this becomes a very serious 
evil in badly constriict(‘d engines, with parts fitting 
indiflerently. 



We now’ come to the detached parts of the stenni 
engine. 

The piston . — This being a very imj)ortant part of a 
steam engine, many improvements and alteiutions in 
its form have from time to time bemi proposed and 
carried out. lief ore the time of Watt, a piston con- 
sisted of a plain disc of iruital made steam-tight by a 
supply of water being kept on its uj)per surface. 
This w’as sufTicieut to keej) the very low pr<‘>su)’e 
steam from passing upw’ards to any very serious 
extent. Watt improved upon this, as we liave read, 
hy employing oils, w’ax, resinous bodies, fat of animals, 
quicksilver, etc., any of wdiich acted more etrectively 
than w’ater. But by-and-by, when higher pressures 
began to be used, some other moans was found 
necessary, and the piston itself was made to fit Ixjtter 
into the cylinder. In its improved form it consisted 
of a disc of metal having a groove cut round its circum- 
ference, into which roi)e packing, made expressly for 
the purpose, was fitted. The packing was platted the 
exact width of the groove, and a little thicker than 
the groove was deep, — so that when the piston w^as 
placed in the cylinder, which was of a slightly larger 


diameter inside than the piston, the packing served to 
fill up the vaaint annular space betw’een the two, and 
having been previously well gi’eased, made the joint 
steam-tight — so as to permit no steam to pass from 
one side of the piston to the other. This form of 
piston packing had its objections, not the least of 
which was the trouble it caused and waste of time in 
renewing. It had to be frequently taken out and 
replaced by new packing. The heat dissolved the 
grease, the hemp became dry and soon burnt away, 
and it became evident that something more substan- 
tial than hemp must ho used in order to prevent the 
frtiquent stopping of the machinery for repacking the 
piston. 

Metallic rings were soon substituted for the hemp 
packing. The piston was made in two parts — thii 
piston proper, and a plate bolted on the upper side 
called a junk-ring, of the form show n in theaccoinpniiy- 
ing diagram (fig. 32) in wdiich A is the piston and B 
the junk-ring. A ring was turned to the exact size 
of the cylinder, and then cut. When cut, such a ring 
would tend to enlarge its diameter, and thus form a 
powerful spring. This ring is placed on the piston 
A, and the junk-ring fixed in its place by means of 





Fig, 02. 


bolts or studs. The piston is now ready to be put 
inside its cylinder, in order to accomplish which the 
spring must first be compressed, when the w hole w ill 
ea-^iJy slip into place, and form a close-fitting joint 
w ith the cylinder. There is, however, the disadvantage 
in a single ring that steam will esc^ape hctw’cen the 
ends of the cut ring ; a second ring was therefore 
soon adopted, and so placed that the cut portion of 
one was diametrically opposite the other. By this 
means the joint was sealed. Sometimes more than 
two rings are employed, as in the form dcMgned by 
Mr. Kamsbottom about 1854, in wliich four rings 
are “ sprung ” into position in the grooves turned to 
rec^eive them in the solid piston. The rings were 
made of either brass, steel or iron, draw’n of a suit- 
able section to fit the grooves in the piston, and were 
bent in rollei’S to the proper curvature, the diameter 
of the circle to which they are bent being about 
larger than the cylinder.” A most important end 
attained in using a metallic piston as a substitute for 
the hempen-packed piston is the reduction of friction, 
which must have been exceedingly gieat in the latter 
form, The rings designed by Mr. Ramsbottom must 
al84ft)e made very light. 
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THE CABFEHTER AND HIS TECHNICAL WOBK. 

Its ObIgin and Early ruoGuiiss— T he Principles 
AND Details or its Tractice. 


CHAPTER XII. 

Joints used in Boodng (jconfintml).— Junction of Purlins with 
Bafters. 

The purlin in this is notched or grooved into the 
rafters, but in hg. 61 , sliowing another arrangement, 
the purlin a simply rests on the face of “principal 
h b, and is supported by a block a at its lower end, let 



into rafter by a taj)oring notcli, as at a in side eleva- 
tion of prineii)al.' The block may eiUier be secured hy 
nails to the rafter and the purlin, to prevent lateral 
movement, or have a key, as a, fig. 63, cut in the 


lig. 61 a b' b is end view of fig. 60, looking in the 
direction of the arrow e. 

Fig. 63 illustmtes, in diagram a, methods of con- 
necting feet of rafter a h of roof with wall-plates c d\ 
r/ in diagram B illustrates the feet of what is called 
“ ashlets,"' // A, w ith a wall-plate. The a.shlet is a 
timber usckI in attic roofs to form at the sides a verti- 
cal part of wall surface in place of running the floor 
right up to the angular space formed by the raftens. 



Booling Joints Feet of Principal Bafter with Tie-beam. 

The junction of the feet of “ principal rafter with 
tlie ends of tie-beams is a most imjKu taiit point of 
carp3n1rv work. Tlie simplest but weakest way is 
shown at a h diagram c, tig. 03, the flat face a b of 
foot, bearing on the upper surfiice of tie-beam r/, being 



centre of the notch irj face of principal, as at A, and in 
the under side of the block c, fig. 01. In fig. 7, 
Plate VTI., h shows the form of notch into which the 
end of the strut cZ, fig. 60, is ** housed,” as the technicfil 
phrase is to indicate when a timber U placed per- 
manently into the part intended to receive it. A 
simple form of notch is shown at c, fig. 60. In 



prevented fiom sli<ling away by the strength of the 
nails. To prevent this dangerous tendency, the foot 
of the principal is provided with a butting joint, as c, let 
into a notch cut on upper edge of tie-))eam ; this 
butting end, e. is strongest wdien it is UNide at right 
angles to the line of principal, as the liney* to the line 
y ] an end &ec*tion is at h. 

’ Fi^. 7 {ante, p. 12, vol. i.), illustrates other forms of 
joints of this class. In the foi*ni in diagram B a longi- 
tudinal mortise or groove, a, is left in the centre of the 
notch in tie-bejun by a corresponding tenon or rib being 
cut in the foot of the principal; e is section in line cdyf 
cross section of tie beam. Fig. 65 illustrates the junction 
of collar-beam a with rafter />, a i^rt, as c, being cut 
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out foi- half the thickness in rafter, and a corresponding foot of brace with the king post in front elevation 

part, a a, cut in end of nifter of Imlf its thickness, so in diagram. In fig. 4, Plate LXI. (ant^)^ we give 

that the two when joined as at a h form a half lap side or edge view of drawing in fig. 67. In fig. 67, a a 

joint, as sliovn in horizontal section e d and vertical /. is king post, h h principal rafters framed into ditto, 

Fig. 2, Plate VII., illustrates the junction of parts c c common rafter butting either simply on end, 

in a form of roof hereafter illustrated, a being the secured to side or head, or Jbhe ridge pole d d \ e e 

principal rafter, /> the common rafter, c the purlin, represents the roofing boards on which the slates are 



Fik 


d the l)race or strut housed at foot into face of tie- fixed. Fig. .5, Plato LXI., in a shows elevation of 
beam a. Fig. Plate YIT., illustrates the junction of another im‘thod of tenoning end of principal to head 
purlin in a, collar or beam roof: a collar beam, of king post /> b; in diagram n, a shows mortise in 
h x^after, c purlin. head hb. Diagram c is plan looking down in diiection 



Fig. 64. 


Boofing Joints.— Junction of Xing and Queen Pofts with of arrow in fig. 67; corresponding lettei’s indicate 
Tie-beam. corresponding parts. Fig. 26 shows tenon joint of 

The junction of king post and queen posts with the assemblage of timber at foot of a queen post a a, 

tie-beam, sti’aining beams, etc., now comes to be illus- diagram a; h h tie-beam, c strut or brace tenoned into 

tx^ated. In fig. 25 (ante) we illusti’ate junction of foot of queen post, which is secured to tie-beam b b 

foot of king post a with tie-beam ft. this being simply by troon d and wedge e. In diagram B, d is pai’t of 

mortised into the tie-beam c ; d shows two joints of “ straining sill,'* ee of queen post. 
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THE JOINER. 

The asNERAL Principles and the Details op his Work. 
CHAPTER X. 

Panelled Doori— Kamei and Offioea of Different Parts.— 
Styles —Bails— Mortises. 

The tmnsition frtim this form of door to the hig}io.st 
class, the “ panelled door,” is easy and natural. We 
have seen in the simplest door, as in iig. 62, the 
ab.sence of the triangular disposition of timboi-s, 
which is the element of the truss,” and which gives 
the strongest form attainable. In this view the 
panelled door, as in elevation in A, fig. 63, is not so 



02 . 


strong as the form in fig. 62, from the absence of the 
diagonal braces, as e e ; but those, if required in a door 
such as an external one, where strength is an object, 
(;an 1)6 dispensed with in interior doors, which are 
always panelled in good houses. Elegance or neatness 
of arrangement, with such ornamentation as moulding.s, 
etc., can give, are what are looked for. In fig. 63 the 
external framework enclosing the panels is made up of 
two side vertical boards, a a, 5 ft, varying in thickness 
from lij to 2 1 inches, and in very superior work even 
8 inches. These boards are called “ styles ” ; that by 
which the door is hung to the casing, secured by 
hinges, is called the hanging style,” as a a; that to 
which the lock is secured the ** lock style,” as ft ft. These 

VOL, III, 


styles are held together by cross-bars called “ lails,” 
of which c is the “bottom rail,” d the “top rail,” 
and e the “ middle or lock rail.” The central \ crtical 
bars, as / /, are called “muntins” (a corruption of 
mountings). The assemblage of boards thus armnged 
leaves .spaces, as g, ft, /, andj; these are filled up with 
the panels, as a, ft, c, and </, in fig. 64, which is the 
elevation of a panelled door. There are also 
six-panelled doors. Grenerally the panels are nearly 
equal in length, but in .some tly^ lower panels are 
short, the upper Ixdng longer. Fig. 2 and 4, Plate 
XVTL, illustrate outside doors in Continental style. 
The panels are secured to the framing by grooves, as 
shown in preceding figures, and as further hereafter 
illustrated, and are ornamented with mouldings, ns 
cx|jlained in last chapter. Jn fig. 63, dingram c is 



the vertical .section ; B edge view of style ft ft. In 
fig. 64, B is plan of top edge of door. The rails 
are secured to the styles by tenons, sometimes single, 
but more frequently in good work by double tenons, 
as in fig. 65, in which A is front elevation of rail, 
a a, ft c, two tenons. Diagi’am B is part of style a 
cut vertimlly in two to show the seats of the 
mortises ft and c ; diagram c, end view of mil. In 
left-hand diagram in fig. 5, Plate XVII,, is elevation 
of part of “lock style,” c/. r/, and “lock rail,” ft, of 
a bedroom door, with simple lock, c, known as a “ rim 
lock.” In diagram B, part of the “ hanging style,” 
a a, of this door is given in elevation, ft part of “top 
mil ”; a portion of upper “ hinge ” is shown at c. Dia- 

8 
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gram c is edge view. The inner edges of styles, rails, 
and mortises are generally, in good work, ‘‘stop- 
chamfered,” as at d df or bevelled off from end to 
end, as at e f. the two edges meeting in a “ mitre,” as 
show’n. The “ stop- chamfer,” d d, is the neatest, 
stopping, as it does, short of the end. A rim lock 
is screwed on to the outside of* the lock style; what 



Fig. (M. 


is called a “ moi-tise lock ” is employed in superior 
doors, where the lock is to l>c concealed, nothing hut 
the handle* and keyhole lx?ing visible ; the lock l)eing 
insert e<l in the mortise, or vacant part cut out in the 
style t(j rocei\e it. Fig. 54 {imte, p. 208, vol. ii.), 


wood bricks or grounds. Fig. 66 illustrates in part 
elevation an outer “ door casing.” The sides b b, 

0 c, are called “ jambs,” / / the “ head,” into which 
the jambs are tenoned, the feet being also tenoned, at 
dj into the upper part of stone step, a a. Fig. 1, 
5Plate XXV., is .sectional phm showing arrangement 
and relative positions of various parts of a door and 
its casing. The door, I I, is hinged to the “ jamb ” 
6, this being secured to the “ ground ” or “ wood 
brick ” a a, Imill into the wall h b; c and j are the 
“architraves.” The opposite “jamb,”/ /, is rebated 
as at nif to allow of a space into which the door 
“ lock style ” falls, as shown by the dotted lines, 
which represent the lines of the door. The outer 
edge of jamb may be left plain, but is often hiiished 
oft* with a “ quirked bead,” as at j ; k k hinge. 
The inner and outei* ai’chitraves are at c and j ; 
a tif the wood brick ; />, the wall ; e, are the eleva- 
tions of the arcliitraves, d and h. The elevations of 
the-ie two paiis of sectional plan of door fit tings are 
given in the iindei* part of the drawing in fig. 2, .**ame 
Pl.ite (XXY.) The edge of the door a, as looking at 

1 - from the iniiei* side, is sliown at q «y. hting 




Fig. 6(1. 

the ends of the tenons of top rail (see fig. 65) ; r r, 
the hinge; n n, fiont view of aicliitrave; o o, the 
wall, in the void of which the door is liung. In the 
umler diuwing to the right, part of front surface of 
door is shown ; 8 8, the architrave ; t I, the wall. 

Joints of Styles and Bails in Panelled Doors. 


Fig. G5. 

contrasts the two locks, c d is the rim lock. In the 
mortise lock nothing but the handle, as r/, is seen, and 
the escutcheon, h ; i is the bolt of the lock ; a b by 
a' a\ h' b\ are the chamfered styles and rails. 

Boor Casings. 

Doors are secured to “aisings.” Tliese are of 
timber, and built into the w^all, and are secured to 


In figs. 3 find 4, PLite XXV., we give illustra- 
tions of meihoils of joining rails and styles, or 
mils and moi’tises. Let abed, fig. 3, be the style, 
with moulding stuck on edge; f gh is part of the 
rai with tenon /, shown by dotted lines in stylo 
aWed. Front view of tenon and face of mitre of 
chamfer at p, looking at abed in the direction of 
arrow 1, is shown in the lower diagram at k'^p' and c”. 
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THE STONE MASON AS A TECHNICAL WOEKEE. 

The Pbtnciplks and ITiactice of, and the 
Matbeials he employs in, hib Wokk. 

CHAPTEK XI. 

At the end of last chapter we stated some points 
connected with ‘‘ base courses " of buildings, and 



Fig. G5. 


illustrated one form in connection with fig. G3, 
anU^ as the simplest adopted, d being the line of 
wall at the corner of a structure, e. the base 
course. In this the wall d springs directly from 
the upper pai‘t of base at some little distance from 
its end, so as to form a “ set-off’ ” or return, as is 



shown. Some of the baldness of this is taken off by 
having as the last course of the Imse-course bricks 
what is called a “ splayed ” course (see the paper on 
Brickwork or if stone be employed the upper 
course is bevelled or splayed off as shown at f f. In 
more advanced work this splay is converted into or 
replaced by some simple moulding,’^ as at g g. 


Baio Mouldings of Buildings. 

Fig. 04 illustrates — one-fourth full size — in section 
to the left and in part elevation to the right, the 



Fig. G7. 

^‘base mould ii)g” for a mansion of ten to twelve 
rooms, such as the reader will find illustrated in the 



paper called “The Young Architect and Engineer,’^ in 
figs. 1 to 11. The scale to which fig. 64 is drawn is 
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3 inches to 1 foot, or one-fourth full size. Fig. 65 all string courses is a mere course of brickwork, such 
is a section of a Gothic base moulding also accepted as 6 6, dividing the lower face of wall, a a, from the 

for a string course : see next paragraph. In fig, 66 upper, c c, fig. 70 ; or a further advance may bo made 

we give a section, and in fig. 67 front elevation of by adding to the number of courses, as at d e, between 

a “base moulding” in the more elaborate style of lower wall / and upper g. The single course as 

the “Domestic Gothic” (see the paper above re- well as the three courses stepped ott' as at e, project 

ferred to), and in fig. 68 the section and in fig. 69 from the face of wall. It is this projection which is 

the elevation of another form in the stime style, the feature of the “ member,” and gives character 

The scale to which tigs. 66, 67, 68, and 69 are drawn to this part of the elevation, stonework admitting 

is six inches to the foot, or half size. of being moulded and cut or carved at will ; string 

courses of stone are generally finished with moulded 
“ String Courses ” in Buildings. ftrces, or they may be left plain, as at b h in fig. 09, A 

What are called “string courses” are members moulded string-course block is shown at //// in section 

introduced to break the line or vertical face of wall, and i i in elevation. The mouldings in figs. 60 and 07 

and at the level of the difFer*ent stories of the edifice. might be used slightly modified for those of a string 

Like the “ liase mouldings,” they run along the whole course. Fig. 71 illustrates a “ stiing coni>e,” u, and 



length of wall. It is only in houses finished in a Cornices or Comice Mouldings in Buildings— Cornice Blocks, 
superior style that these two members run round Cornice mouldings, as the name implies (see “ Cyclo- 
the whole house. In ordinary buildings they are po'dic Dictionary of Technical and Trade lerms ) are 
earned along the front wall only, being retained for those which finish, terminate, or crown the walls, and 
but a short distance at the end walls — breaking off are placed at their highest point. They add dignity 
there. In some cases the “ base moulding ” is returned and completeness to, and afford a pleasing object foi 
and passed along the end walls, but rarely continued the eye to look upon at, the upper part of a w all, borne 
round the back wall. The same holds true of “ string of the happiest efforts of our architects have been 
courses,” although, even in cases where- the base displayed in the treatment and finisli of the design for 
moulding is carried round the ends, the “ string the cornices of a building. Where the projection is 
course ” is confined to the front wall, having a short skilfully managed, they give, in conjunction with that 
return only at the ends. All depends upon the of^e windows and the doors, the fine play of light and 
character of the building, according to the pretensions shPae produced by the alternation of projecting and 
it makes to be a complete and more or less elaborate recessed .parts which distinguishes a well-designed 
design, or to the means of the owner. The simplest of elevation. 
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THE BBICXLA7EE. OR BRICKSETTER. 

The PRiKcirLEs and Practical Details of his Work. 

CHAPTER VIII. 

Breaking Joint/* to eecnre Bond/* neoesBitates the TTse of 
Parti of Brick in Couriei.— “ Closeri.’*— “ CloBures.*’ 

But while ‘M)ond gives the security to the wall 
required, it throw^s any arrangement aside by which 
an even number either of “ header bricks or 
“ stretcher ” bricks can be used in any one course. 
Tims, in the arrangements .shown in fig. 3 — Old 
English'' bond — the end of the wall, as 5 6, is 


this is too short — so to say — for its end to come 
u]) flush with the end I of the “ stretcher ” a below 
it. Another void or break or empty space is left, 
therefore, at m. But by starting the two courses (first 
and third) of stretchers " as showm, the “ Imader ” h 
in the second course has to be so placed that it leiives 
a void, or a break, m, at the left-hand side of tlie 
wall ; thus, at every alternate course these breaks occur 
alternately to the left-hand and right-hand ends of 
the walls, as at o, p. These breaks, or voids, 

must be filled up so as to make a proper solid and 
vertical finish to the ends of the wall. 



Fig. 6, 


finidjed verluvilly off, by cither a “stretcher” or a 
“header,” as the case may be. But by introducing 
the syslein oF “ breaking joint,” as in fig. 4, this 
evenness of finish at the ends of u wall cannot any 
longer be obtained, and voids or breaks are introduced. 
This is illustraled in fig. 5: beginning with the first 
cour-sc which we make use of — “ stretchers ” (Old 
English bond), n, a, a — the next course, which is one 


Different Kinds of Closer or Closure Bricks. 

It will be observed that in all cases the width of 
these voids or breaks is equal to half the width of a 
brick on its face, .so that to fill them up ha If -bricks 
are used. Those are known technically as “closers” 
or “ closures,” as closing up or finishing the wall ; 
and are obtained or formed by cutting a brick in 
two in the direction of its length, as at a in fig. 10. 



Fig. 6. 


of “ headers,” must be so arranged that the joint d Thus one brick gives tw^o dosers, as a and 6, as .show n 
of the two “stretchers” in the first cour.se shall lie by the dotted lines. These “ closers ” are lialt -bricks, 
covered by the solid parts of the “ header,” as c in in the sense of being half in the direction of the 
the second course, the centre of this covering the length, as c (/, as well as in the direction of the breadth, 
joint &. Carrying on this course of “ headers,” we as d e. But in some cases a “ closer is not required 
find it finishes with a break or void, df, caused by the whole length of the brick, but only half of the 
one-half of the header at the end projecting, as at c, length ; a half-closer is therefore cut in two by the 
beyond the end of the “stretcher” below it. Taking liney, thus giving two “quarter-closers, g and 4, or 
the next course — another row of “stretchers” — the four out of a brick, as at Ic, L In the same figure 

joint f is placed immediately above the centre or solid the void, as o in fig. 5, is shown tilled up with the 
part of the “ header ” c below it ] the joints g and h quarter-clo.ser tr, as in elevation, and n in plan, the 
of the two “ headers” being covei’ed by the solid parts “stretcher” o corresponding to d in fig. 6. It is 
of the two “stretchers” ^ and j above. The first obvious that by arranging the courses as 
course of “ headers ” is finished by the header Jc, but so as to throw the voids to the outer extremities of 
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the wall, the arrangement would not be aightly 
nor strong. The practice, therefore, is to make the 
** closer ** in a course always, or at least generally, 

Ukit hriok but <jm in each course. This is shown in 
fig* 7, in which abc d y& the front devation of the 
first course of stretchers, the “ closer ** being placed 
next the last stretcher, as at a at one and b at the other 
extremity of the wall ; c and d are the last stretchers 
shown in plane at o' and d\ a' and b' corresponding 
to a and b in elevation. The second course, or that of 
“ headers," the bond being ‘‘ Old English," is shown 
in the lower part of fig. 7 ; a is the “ closer " in 
elevation a' in plane, and is placed next to the last 
header " b and 6', nearest the end of wall. In the 
same figure e shows a “quarter-brick ” closer and / a 



part // being out out, forming a shoulder at 
this is shown in side elevation at cT / But as 
in practice this cutting is not easily executed so as to 
be accurate, or without running the risk of breaking 
the brick, the usual practioo is to cut the brick 
as at A, cutting ojff the crossed part i. This forms 
what is called also a “splayed brick," as at the 
angular part k being the “ splay ” or bevel, and from 
this a “splayed" is sometimes called a “bevelled 
brick.” 

Iambs*’ in Brickwork. 

The form of closer now illustrated, “ king closer,” 






“ half-brick ” closer, as used in the second course of a 
briok-and-a-half-thick wall in English bond. In some 
cases a three-quarter-brick closer is required, as g, 

“Bats’* in Brickwork.— Splayed Bricks. —Xing 01osors« 

If a brick be thus cut across in the direction of 
its breadth at a line a b, fig. 12, one-fourth from 
the end, the other or three-quarter part is usually 
called in the technical language of brick-setting a 
“ bat ” — although this is often used to denote broken 
bricks, or rather parts of bricks, whatever the pro- 
portion that part bears to the whole brick; only 
that the bricks in this case are cut in the direction 
of their breadth, as at a 6, not in the direction of 
them length, as e d. What is known and called a 
“king closer,” is a brick cut, or which should be 
cut, it the form shown at d « in fig. 8, the crossed 


Fig. 8. 

as it is used at the corner of the opening or “ void,” 
as it is termed, of a window or door at that part known 
as the “reveal” and “jamb" (in Scottish building 
construction technically called a “rybat,” dearly a 
mere corruption of the term “ rebate ” ; see “ Mason ” 
and “ Carpenter ” and the “Cyclopsedic Dictionary ” for 
the meaning of the term). A window or door opening 
may have its sides or interior parts, as a 6, od, at 
right angles to the wall e/, fig. 9, the parts a 6, 
od, having no projections. This part ab or c d h 
called the “jamb,” and sometimes the “ cheek ” of a 
door or window opening. When there is a projecting 
pagl to this, as at i jj in fig. 9, the name “ jamb ” is 
applied only to the inner part, as pA, die part ijj 
being call^ the “ reveal” 
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ing, AND Oenebad Management fob the Pboduction 

OF Butohebb’ Meat and of Daibt Peoddce. 

% 

CHAPTER Xyi, 

At the end of lost chapter we pointed out ceii^ain 
assumptions which had been made with regard to the 
action of certain constituents in food on the animals 
partaking of it, which assumption tended to the 
holding of erroneous views as to the values of food. 
These assumptions set aside the what may be called 
oommon>sense considerations we named. Amongst 
other points overlooked is the element of life, to which 
we have already referred. This, while one of the 
most mystetious with which man has to deal, is one 
also of the most potent, as in its manirestation the 
most diversified. As in man, so in animals, they have 
their own individual peculiarities, their likes and 
dislikes ; so that what suits one will be totally 
unsuitable for another. It is in this direction, also, 
that the characteristics of what we call the breed of 
animals influence the value of the food they are fed 
upon. It is well known, for example, that there are 
some breeds which fatten much more quickly than 
others. All these considerations, and others which 
will come up in their place, point to the difficulties 
attendant upon defining with precision what the 
results of using certain foods will be. But while 
chemistry cannot do all, it can do, and has done, 
much to give a very remarkable, and certainly a 
highly useful character of precision — formerly alto- 
gether unknown — to the work of the cattle feeder. 

All plants are divided by the chemist, so far as they 
are considered as feeding substances, into two great 
divisions —the non-nutritive ” and the nutritive.” 
The “ non-nutritive ” constituents are water, ash, and 
woody fibre. The ** nutritive ” are classed under three 
heads. First, the nitrogenous or albuminous com- 
pounds, or what are sometimes termed the protein 
elements of food. These go to form flesh, and are 
thus also sometimes styled the fiesh-forming con- 
stituents of food. The second class are the non- 
nitrogenous com{>ounds, or those which are fat- 
producing. They also go to sustain the heat of the 
animal, and are therefore sometimes called the 
carbonaceous or heat-producing elements. They are 
composed of the starch, sugar, and what is called 
extractive matter. The third class of the non- 
nitrogenotts compounds are the cil and fatty mattei's, 
which also go to the formation of heat. Such is the 
diviaon formulated by the chemist; and although it is 
chiefly made for the convenience of analysis, and is not 
held by all chemists as strictly correct, still, as a rule. 


the division into nutritive and non-nutritive con- 
stituents is what may be called the expression of the 
chemical view of the subject. We shall see presently 
that physiologists take exception to the classification. 
All foods used by the farmer in feeding his stock may 
be divided into seven classes. First, the cereals or 
corns, as wheat, etc., etc. ; second, the leguminous 
crops or plants, as beans, pease, lentils.^ Then come 
the root crops, as turnips, potatoes, etc., etc. The 
fourth class is made up of the straws and refuse of 
the cereal crops; while the fifth compnses the grasj^ej, 
meadow hay, and clover. The sixth is made up of 
the leaf ci*ops, such as the cabbage, and the leaves of 
turnips. And last come the oil cakes and various 
feeding cakes and ** cattle foods,” forming the seventh 
and ndt the least important. 

Taking this, the chemical classification of farm foods 
and their constituents, we now give a list of their 
analyses, showing theii* composition. 


Pereentags of Von-HutrlUvo Ooxutltaexits of Fooding 
Bubstanoof in 100 Parti. 

The Cbbeal Obops. 


Names of Feeding Btuflls. 

Water. 

Woody 

Fibre. 

Ash. 

Wheat 

14-0 

1*7 

1*6 

Barley 

14-0 

13-2 

4*2 

.Oats 

13.G 

12-6 

8-0 

Eye 

130 

10-29 

1*7 

Maize or Indian Com 

140 

6K) 

1-0 

Leguminous Seeds, as Beans, etc. 


Beans 

14-8 

9-2 

3-5 

Pease ...... 

141 

10*0 

2*‘5 

Lentils • . • . . 

14-0 

12-6 

1-6 

Lupines 

14*5 

11-6 

3'5 


8TBAWS OF THE Cl BEALS AND LEGUMINOUS SEEDS. 


Wheat • . • 



U-28 

46-45 

7*47 

Barley 



14*30 

39*80 

4*24 

Oats .... 



12*00 

43*60 

4*86 

Rye .... 



14 30 

43*18 

8*08 

B^ns .... 


, 

20*90 


6*36 

Pease . • • . 



12*00 

47*62 

6*00 

Refuse of the Oebeals, etc. 


Bran .... 



12*86 

11*60 

6*11 

Malt-Coomli or CumminB 



6*24 


8*70 

Oat Dust 

, 


9*31 



7*70 

Barley Dust 


. 

11*03 


7*31 

Rioe Dust . 

• 

. 

12*02 

M-eV 

1 18*49 

Root Obops- 

-Turnips, etc. 


Swedes 



89*40 

2*64 

t 0*623 

White Globe Turnip . 



90*43 

1-02 

• 1*02 

Mangold Wurtzol 



87*78 

1*12 

1 0*96 

Carrots . • 



88-0 

1*7 

I 1*0 

Parsnips . . * 



88*8 

1*1 

0-7 

Kohl Habi . . • 



87-0 

1*1 

1*0 

Jerusalem Artichokes 



80-0 

1*8 

M 

Potatoes . 



76*0 

1*3 

0*9 

Beet-Boot (Sugar) 



81'6 

1*8 

i 0*8 
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GuAesES AXD Clovee Cnops. 


Names of Feciling Staffs. 

Water. 

Woody 

Fibre. 

Ash. 

Eye Grass .... 


71-4.3 

10-00 

2-16 

Italian llye Grass 


lo ()1 

4-82 

2-21 

Lucerne .... 


7.S-41 


8-08 

Sainfoin .... 


77-32 


1-73 

Vetch 


82-16 


1-54 

Eed Clover 


80-64 


1*97 

White Clover 


83-66 


1*57 

Yellow Clover . 


77-67 


2-00 

Alsikc Clover 


76-67 


2-06 

Green Eape 


87 0.> 

.3'66 

1-60 

borghum .... 


81-80 

4*05 

0-23 

Hay 

Crops. 



Meadow Hay • . 


16-94 

2716 

6-04 

Aftermath .... 


13-06 

19-02 

7-46 

.Clover Hay 

. 

16-84 


6*51 

Cabbages and ( 

OTHER Leaf Crops. 


Cabbage .... 


89-00 

2-0 

1-2 

„ Steins . 


82-0 

2-8 

1-9 

Turnip Tops (Swedes) 


88-36 


2-29 

„ „ (Yellow) 


91-28 


1*62 

Mangold Leaves 


91-96 

1-3 

1-29 

Artichoke Stems 


80*0 

3-4 

2-7 

Carrot Leaves . 


82-2 

30 

36 


OlL-CAKE AND MISCELLANEOUS SUBSTANCES. 


Linseed Oil-Cake (best) . 

12-30 

15-94 

5*41 

M „ (Average) 

12-70 


5-89 

Eape Cake 

10-68 


7-79 

Cotton Heed- Cake 

11-34 

21-24 

6*64 

Locust Beans .... 

14-22 

3-88 

0-62 

“ Eoyal Batent Cake ” 

10-18 

13-24 

4*32 

“Eoynl Si)icfd Cake” 

15-42 

16-74 

6-04 

** Feeding Meal ” (llesidue from 1 
Indian Com Starcli Manu- > 




8v32 

24*69 

1-02 

facture) . . . . ) 



Palm Nut-Meal . . . .' 

10-70 

16-18 

3-49 

Cracklings or Greaves Meal 

11-80 


6*44 


Percentage of Nutritive Constituents of Feeding Substances 
in 100 Farts. 


The Ceekal Crops. 


Names of Feeding Stuffs. 

ADjunimouH 

Compounds 

Non- 

Nttrogonons 

Cum];(junds. 

Oil and 
Fatry 
j Mutter. 

Wheat 

14-0 

66-1 

1 

1 1-2 

Barley 

12-8 

55 5 

0-3 

Oats 

17‘0 

48-1 

5-7 

Eye 

13-83 

60-26 

0-96 

Maize or Indi.an Corn . 

12-UO 

60-3 

7-7 

Leguminous Seeds, as Beans, etc. 


Beans 

24-00 

46-5 

2-0 

Pease 

23-40 

680 

2-0 

Lentils 

20-00 

44-0 

2-0 

Lupines .... 

34-5 

280 

65 

Straws of the Cereal Crops and Leguminous Seeds, 

Wheat ..... 

1-70 

81-06 


Barley 

1-68 

89-98 


Oats 

1-63 

87*86 


Bye • • • • , 

2-29 

87-16 


Beans . . , . , 

6-79 

65*96 


Pease 

12-56 

21-93 


Eefusb of the Cereals, etc. 


Bmn 

18-80 

60-17 

6-66 

Malt- Coombs or Cummins . 

26-62 

69-44 


Oat Dust , . , , 

6-92 

72-86 

8-21 

Barley Dust .... 

8-46 

69-73 

8-47 

Bice Dust • . . , 

6-69 

26-62 

6-61 


Hoot Cbops—Tuenips, etc 


Names of Feeding Stuffs. 

Albuminous 

Compounds. 

Non- 

Nitrogenous 

Compounds 

Oil and 
Fatty 
Manor. 

Swedes 

1*44 

6-93 


White Globe Trirnip . 

1-14 

2-96 


Mangold Wurtzel . 

1-54 

8-CO 


Carrots .... 

1-5 

7-4 

0-2 

Parsnips .... 

1-6 

7*24 

0*2 

Kohl llabi .... 

1-6 

7-3 

0-1 

Jci-usalem Artichokes . 

2-0 

I3'8 

0*5 

Potatoes .... 

2-0 

19-6 

0-3 

Beet-Eoot (Snga: ) 

1-0 

14-0 

01 

Grass and 

Clover C^rops. 


Evo Glass .... 

3-37 

12*08 

0*91 

Italian Eye Grass 

2*45 

14*11 


Lucei-ne .... 

4-40 

19*11 


Sainfoin .... 

.'i-61 

17*43 


Vetch ..... 

3*56 

12*74 


lied Clover .... 

3-60 

1.3*78 


White Clover 

4-52 

10*26 


Yellow Clover 

4-48 

16-94 


Alsike ('lover 

4*82 

16*44 



Green Eape .... 

3*13 

4-00 

0-64 

Sorghum .... 

1-53 

9-84 

2-55 

• Hay 

Crops. 



Meadow Hay , , . i 

10-69 

40-17 

1 0*4 

Aft cj main . , , . ' 

10-75 

49-74 

I 

Clover Hay . . . . j 

13-52 

64-43 


Cabbage and other Leaf Crops. 


Cabbage .... 

1*5 

6-3 

0-4 

„ Stems 

1-1 

12-2 

0-3 

Turnip Tops (Swedes) . 

2*08 

7-25 

...... 

„ „ (Yellow) . 

2-45 

4*74 


Mangold Leaves . 

1-76 

4-98 



Ai-tiehoko Stems . 

3-3 

10-0 

0-8 

Carrot Leaves . 

3-2 

8-0 

1-0 

Oil-Cake and Miscellaneous 

Substances. 

Linseed OibCake (P*est) 

29-69 

21-64 

14 90 

„ „ (Average) 

28-21 

29-42 

11-32 

Eape Cake .... 

29-53 

30-:)8 

11-10 

Cotton Seed-Cake 

23-72 

30-98 

6-18 

Locust Beans 

7*22 

71-48 

0-96 

“Eovitl Patent Cake”. 

20-0(> 

48-91 

3*29 

** Eoyal Spiecd Gbke ” . 

16-12 

44-24 

3*44 

“ Feeding Meal ” (llesidue 





from Indian Com Starch 


19-31 

38-22 

8*64 

Manufacture) . 





Palm Nut-Meal , 

18-01 

41-61 

11*11 

Cracklings or Greaves Meal 

24-75 

3C-93 

20-80 


In estimating the value of a food for fattening cattle, 
the attention of the chemist is given only to the 
nitrogenised or albuminous compounds, and the non- 
nitrogenous or carbonaceous, as the minertil substances, 
phosphates, alkaline salts, such as of sodium and of 
iron, and which go to form tho bones of the animal, 
are found abundantly in all plants. The division 
we have just given would seem as if there were throe 
classes of ** nutritive ” elements — namely, the nitro- 
genous and the non-nitrogenous, and, third, the 
oils and fatty matters. But in reality the oils and 
fatty matters are part of the non-nitrogenous elements 
— the starch, gum, sugar, and extractive matter, 
gglig to promote heat and to aid breathing — hence 
they are called often the ‘‘ respiratory compounds ” of 
food — the oil and fatty matter going to promote fat 
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THE STEEL MAXEB. 

The Details op his Woek— The Peinciplbs op its 

Processes— The Qualities and Oharaoteeistics op 

ITS Products. 

CHAPTER YI. 

We have said in preceding chapter that there have 
been various attempts made to produce steel direct 
from the ore; this system obviously saving much 
time and labour, as compared with that, for a long 
time the only one practised in modern times, in which 
several processes had to be gone through before the 
final or ultimate product of steel was produced from 
the primary or original ore. The reader will perceive, 
from whaf has been already given on this head, that 
the direct process of reduction of steel from the ore 
possesses a certain charm or fascination for the 
practical man ; inasmuch as it proposes to do for him 
at once what is only done for him on the ordinary 
system by several processes, and those so related to 
each other that this has been sometimes called the 
roundabout system. Nor does the direct process 
possess a less fascination for the man of science ; for 
it carries with it the possibility that by acting directly 
and immediately upon the ore, the soiiice of the metal, 
not only time will be saved, but that deteriorating 
constituents will bo kept out of the ultimate product, 
which will thus practically be all the more valuable 
for constructive purposes and the varied arts of life. 
For it is, at least in this connection, argued as a con- 
ceivable thing, that if steel is made on the round- 
about system — that is, in which several processes are 
gone through, each one following the other — in each 
process there is a likelihood of deteriorating con- 
stituents getting access, so to say, to the product, 
reducing in pix)portion its practical value. And this 
is all the more likely to be the ca^e, seeing that the 
ore is brought in contact with so many materials 
differing more or less, and in some cases wholly, from 
the ore which yields the metal desired. That this 
untoward result is in one instance brought about, is 
well known, it being but too notorious that one pro- 
cess in the roundabout system yields a metal of a 
debased kind, and that in degree worse than many 
are disposed to admit. What this part of the round- 
about style of making steel is, we refrain from further 
referring to, to prevent that confusion of ideas which 
a fuller explanation of it would be liable to creiite in 
the minds of our readers. 

Of the various attempts made to produce steel direct 
from the ore, nearly all of those recently introduced 
have necessitated appliances more or less complicated, 
but all specially constructed and arranged for the 
system. We have said that those methods, however 
succesi^ul in the mere production of steel, have been 
so surrounded with difficulties in carrying out the 


details of practice, that they have been all commercial 
failures. We now approach one which, taking the 
well known appliance used in the ordinary iron and 
steel making just as it is in principle, has aimed at 
making it do in a simple what other inventors have 
tried to do in a much more complicated and expensive 
way. The appliance here alluded to is the well known 
and long used one known as the reverberatory heating 
or reducing furnace, of which the principal feature is 
called the open hearth ” ; in which the heating or 
reducing process is carried on. 

In connection with the modem method of open- 
hearth” steel making, the name of the late Sir 
William C, W. Siemens will be for all time most 
honourably known. This distinguished scientist and 
Sir Henry Bessemer, while, as we shall see, eaeh 
working in a totally different direction, have revo- 
lutionised the iron, or perhaps we should say the steel 
trade — although the new steels include within their 
various classes wrought iron of a superior quality, 
or a very mild steel. Sir William Siemens was f\lso 
distinguislied as a practical man, and in addition to 
his scientific attainments of tlie highest order, was in 
the first rank of our engineers. One form of furnace, 
the “ regenerative gas furnace,” and with wliich his 
name is so intimately connected, has introduced quite 
a new era in what may bo called the ait of ** high 
heating ” ; and we believe it to be that which will 
completely revolutionise furnaces, and be the means 
of effecting that economy in the combustion of fuel 
which it has been and is now th‘3 aim of many to 
realise, and which has engaged the attention of a ho.st 
of inventors. 

This “ legenerative gtis furnace ” is indissolubl}^ 
connected with the “ opon-hearth ” process of making 
steel, and it is the agency, indeed, by which the suceo^s 
of tlie method can only, we think, be secured ; and 
that from the high temperatures which the method 
necessitates, and which the regenerative gas furnace 
alone of all the modern furnace contrivances oin 
give. More than one inventor had brought out 
systems for making steel on the open-hearth ” 
procass, long before Dr. Siemens entered the field. 
Amongst these was Mr. J ohn Heath, who discovered a 
method of applying the well known substance man- 
ganese to the making of steel, and which opened up 
quite a now era in the old, or what we c«ill the 
ordinary method of steel making, which will bo de- 
scribed in a succeeding paragraph. Mr. Heath was 
distinguished by his ability, and as much so, unfortu- 
nately for him, by the enei'gy he displayed in meeting 
the attempts of the steel manufacturers to evade his 
patents, which they did with so much success as to 
send him broken-hearted to his gnive — not the firat 
of those connected with the iron trade to meet with 
such an end. Mr. Heath failed in his application of 
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the open-hearth process to the making of steel solely 
— at all events chiefly — through his inability ^with 
the means at his command to obtain the very high 
temperatures which were necessary for the success 
of the method. Curiously enough, Mr, Heath seemed 
in one direction to have anticipated the method 
of using gas as a heating medium, carried out in 
an infinitely more direct and successful way in the 
Siemens regenerative furnace. High as are the 
temperatures created by this furnace — temperatures far 
exceeding any which even the most sanguine of metal- 
lui'gists conceived to be possible of attainment — there 
is but little doubt, we think, that much of the future 
success of steel making depends upon the makers 
having a still higher — possibly a very much higher — 
heat than the best form of regenerative furnace can 
now give. To the production of those exceedingly 
high temperatures some of our ablest scientific men 
are now directing their attention. If steel making 
direct from tlie ore by a modifiaition of the opon-hoarth 
principle ever be a complete success — that is, if it can 
be carried on so thnt it can “ pay,” or rather yield, 
what all inventors aim at, a laj-ge profit — we believe 
it will be when these higher temperatures than 
can now be got are at the command of the steel 
maker. From this the reader will i>erceive that, 
although Hr. Hiomens had by his open-hearth process 
gone far to solve the problem how to produce steel 
direct from tlie ore on a commercially paying scale, the 
solution has not os yet been attained. The problem of 
commercially successful steel working direct from the 
01 e has yet to be solved. In a future chapter the 
reader will learn that in making steel from manufac- 
tured ii’on — as iii the Bessemer process — or from a 
combin ation of manufactured iron and natural ore. Hr. 
Siemens was, howcvei*, eminently successful, commer- 
cially as well as scientifically. The following is a 
brief description of the Siemens direct process of steel 
making. The open-hearth process, so successfully 
carried out by him in making steel from manufactured 
ii’on, is so far modified. 

Tiie chief feature of the improved appliances is the 
employment of a rotatory vessel or drum in a hori- 
zontal in place of a vertical position. The advantages 
of this position are very gimt. The furnace or rota- 
tory converter is lined with two layers of different 
substances ; the inner, or that next the iron of which 
the rotator is made, being lined with banxite bricks 
highly aluminous, and therefore very refractory. 
This refractory brick lining, which carries the inner 
lining or that towards the interior of the rotator, is 
made of a certain thickness of iron oxide produced 
by melting “ hammer scales ” — scales the product of 
hammering processes— together with rich ores. This 
mixture is placed in the interior of the rotatory fur- 
nace itself, while highly heated j and melted, it sets 


during the rotation of the vessel, and thus the inner 
lining is completed. 

The gases used to heat the furnace are taken direct 
from the ‘^gas producer,” ‘‘regenerators” being alone 
used to heat the air which is mixed with the “ gas ” 
in the interior of the rotating drum itself, and 
there flashed into flame, producing intense heat. The 
heated air from one of the air regenerators is led 
to the interior of the rotator, and the gas, flaring 
through a special channel connected with the “gas 
pi’oducer,” is also led there in a continuous stream. 
From the rotator, where the flame is thus produced, 
it lushes forward to the heating chamber, and after 
heating it, passes back again towards the inlet side, 
and from this passes down through the second air 
regenerator, to the brick channels of which it gives 
up the greatest proportion of its heat, which is after- 
wards given out to the air which is passed through 
it; when the air-reversing valve being changed in 
position, this second becomes the first or hot-air- 
supplying regeneratcr, tlie first becoming the regene- 
rator through which the heated products pass from 
tho heating chamber to the chimney. 

By this anungement tho front or end opening of 
the rotating vessel or drum is left free, so that access 
can be obtained to it for carrying out the process, and 
is fitted with a charging and discharging door placed 
eccentrically. The discharging door admits of the 
easy withdrawal of blooms or balls of iron, and at a 
level with the lining, when the rotating furnace or 
drum is stopped at a point of its revolution whore the 
discharging door is at its lowest point. 

The process of reduction is similar to that we have 
alre.uly noticed. The charge consists of a mixture 
of the ore to be reduced, and of fluxing and reducing 
materials in proportion to the constituents of the 
ore, to the weight of some 30 or 40 cwt. This is 
charged into the rotating furnace or drum during 
the jwriod when its motion has been stopped and 
the charging door is at its highest point. The drum 
is then set in motion at the very slow speed of six 
to eight revolutions per hour, and the gas and air 
admitted into its interior, fla.shing into flame, heat 
the charge uniformly, each part being brought by the 
revolution of the di um into contact with the heating 
flames. So soon as tho materials are raised to a red 
heat chemicfil action commences, the reaction between 
the ore and the carbonaceous matter of the fluxing 
and reducing materials causing carbonic oxide gas to 
be formed. This, as we have already shown, is a 
highly combustible gas, so that when it meets the 
heated air from the air regenerator it is flashed 
into flame and thus adds greatly to the heat in 
the furnace. When this point is fully reached the 
supp^ of gas from the gas producer is cut almost 
wholly oflT. 
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THE CALICO FBINIEK. 

Thb Chemistby and Technical Opbbations op his 
Tbade. 

CHAPTER XIV. • 

Salts of Alkalies (continued). 

Permanganate of Potash (K^MiigO;) is used in dis- 
charging aniline black colour from the greys used 
in printing that colour. It is a powerful oxidising 
agent and antiseptic. Its red-purple crystals readily 
dissolve in water. 

Chloride of Ammoniay or Salammoniac {NH 4 CI). — 
This salt is used in catechu colours, and in one or two 
special colours that are not in general use. It is a 
readily soluble, crystallisable white salt, which vola- 
tilises completely on the application of heat. One 
pari dissolves in ten of water at 13*3® C., the tem- 
perature being thereby reduced to — 5*1 ; whilst 77*2 
parts are dissolved in 1 part water at 100° C. 

SALTS OP MAGNESIUM. 

Sulji)hale of Magnesium — Epsom Salts (Mg SO4) is 
used chiefly in finishing, especially for Turkey red 
dyed cloth ; it is a crystalline, very readily soluble siilt. 

Chloride of Magnesium (MgCl,) is likewise used 
in finishing, but has a great disixdvantage in that it 
is liable to decompose into magnesia and free hydro- 
chloric acid by the heat of the drying cylinders. It 
is a hygroscopic salt. 

COMPOUNDS OF CALCIUM. 

Lime (CaO); Slacked Limey Ca(OH) 2 . — The latter of 
these is used in bleaching and in the lime and copperas 
indigo vat ; it is also used to run cloth printed with 
some discharge colours through in order to neutralise 
any acid loft in the cloth. Lime (CaO) when treated 
with water evolves heat, and is converted into the 
hydrate or slacked lime. 

Acetate of Liyne, 00 ( 03 ^^ 8 ^ 2 ^ uiordant, 

chiefly along with a salt of alumina in printing extract 
alizarine colours. It is sold both in solution at about 
20° Tw., and solid, each form containing impurities of 
organic matters, tar, etc. 

Hypochlorite of Limey Chloride of Lime y or Bleaching 
Poiodery OaOlg + Oa(OlO)^. — The most important use 
of this compound is in bleaching. It is also employed 
in Turkey red discharging, and in ‘‘ chemicking 
printed goods — le., passing them rapidly through a 
very dilute solution of the powder, pressing between 
two rollers and then passing over cylinders heated by 
steam. This process has the eflect of rendering the 
goods cleaner in appeai’ancef. It is sold both in 
powder and in solution as “chemic” at from 6° to 
18° T. ; the solutions are free from insoluble matter 
present in the powder. The powder when good con- 
tains 36 per cent, of available chlorine, but may contain 
much less than this. It is highly hygroscopic, contains 


much free alkali, and is soluble in ten parts of cold 
water ; the solution on boiling decomposes ; addition of 
an acid sets chlorine fi*ee, this latter property being 
the principle of its application in bleaching and Turkey 
red discharging. 

Dilute solution of bleaching powder has no action 
on most fixed colours, nor on cotton. 

SALTS OF ALUMINA. 

• (^^ 4)3 “+■ 24HjO. — This important 
salt is largely used in the branch of industry under 
consideration. It is employed as a mordant for berry, 
bark, weld and other yellows and other colouring 
matters, and as the source of alumina in making 
acetate and nitnxte of alumina. It occurs in com- 
merce genei'ally in a pure or nearly pure state in the 
form of largo well-defined colourless and transparent 
crystals, soluble in 18 parts of cold and |th part 
of boiling water. Its solution is of acid reaction, and 
it dissolves metals with liberation of hydrogen gas. 

Alum for making red liquor for alizarine reds must 
be free of iron ; thi.s is tested for by acidifying the 
solution with hydrochloric acid and adding a few 
drops of solution of ferrocyanide of potassium : an 
immediate blue colour indicates the presence of iron. 
Sulphate of alumina, or patent alum — A 1 ^(S 04 ) 3 -|- 
18 H 2 O— is used for the same purposes as alum, and will 
in time probably supersede that salt for many pur- 
poses. On account of its containing no alkali sulphate, 
it requires less of sugar of load to produce from it the 
same amount of acetate of alumina that alum does. 
Hence, in the preparation of red liquor it is more 
economical than alum. It Is more liable, however, to 
contain impurities than the more readily crystallisable 
salt, alum. Sulphate of alumina is a crystalline salt 
soluble in two parts of cold water. It contains 15*4 
per cent, of alumina and 36 per cent, of sulphuric 
acid and 48*5 per cent, of water. It behaves with 
ammonia and soda like common alum. 

Alum coarists of 3G*21 per cent, of sulphate of 
alumina, 18*31 per cent, of sulphate of potash, and 
45*48 per cent, of water of ciystallisjition. This is 
equivalent to 10*94 per cent, alumina, 9*89 per cent, 
potash, 33*08 per cent, sulphuric add, and 45*49 per 
cent, of water. There is, however, aTiothor kind of 
alum, containing ammonia in place of potash, the 
formula of which . Al, ( 804 ) 3 -h24Hp. 

On adding a little ammonia or caustic soda to a 
^solution of alum a white precipitate forms; this is 
the irisoluble hydrate of alumina, Alg (HO)^. On con- 
tinuing to add more alkali the precipitate dissolves, 
being converied into the soluble aluminate of soda. 

Most other soluble salts of alumina behave in a 
similar manner when treated with alkali. 

Acetate of Aluminay AI 3 ( 02 Hg 02 ) 3 , and Red liquor , — 
The latter fluid is a variable mixture of the former 
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compound with basic sulphate of alumina, sulphate of 
potash or of ammonia, and sometimes also free acetic 
acid. It is the most important mordant used by the 
calico printer ; motliods for its preparation will be 
found in another chapter. Both of these substances 
are always met with in the liquid state, since pure 
solid acetate of alumina can only be obtained by care- 
ful manipulation, and then it quickly decomposes in 
contact with air. On heating acetate of alumina it 
readily parts with its acetic acid, leaving a residue of 
alumina. This is the principle of its application as a 
mordant. It may be prepared by dissolving hydnite 
of alumina in acetic acid, the action being represented 
by the equation 

2Al2(HO)o -h 6C2H SAy + OH^O. 

It may also he prepared by decomposing acetate of 
lead with alum or sulphate of alumina ; thus, 

AljCSO + 3 Pb(C,H 30 ,) = 3 PbSO, -f A 1 ,(C,H A)^. 

. Nitrate of Alumina^ Alj (NO3), is used as a mordant, 
like the nceUile. It readily splits up into alumina 
and nitric acid, which latter, being a powerful oxi- 
diser, generally acts upon the colour ; thus, in the case 
of blocking on the top of orange-yellow, converting it 
into yellow. On account of this fact it requires care 
in using. It is prepared by precipitating nitrate of 
lead with alum. 

Muriate or Chloride of Alumina (AI2CIQ), is occasion- 
ally used as a mordant. Like the last-named «ilt it 
readily parts with its acid on heating. 

Hydrate of Alumina^ A12(HO)q, is used in making 
mordants, by dissolving it in the requisite acid. It is 
prepared by precipitating a salt of alumina with 
alkali, taking care not to use excess of the latter. 

Aluminate of Soduy or Pink liquor (Na2Al204), is 
used for mordanting pinks, and acts as a first-class 
mordant. It is sold by the manufacturers both in the 
liquid and solid state. 

China day is largely used in stiffening and weight- 
ing prints. It is found native in Cornwall and other 
places. It is a heavy white powder, a silicate of 
alumina ; for finishing purposes it is important that it 
should be very white and quite free from acid, alkali, 
or other injurious soluble matters. 

SALTS OF IRON. 

Oreen Copperas, or Ferrous sulphate (Fe SO44- THgO). 
— This salt is employed as a mordant and in making 
acetates of iron; also in the indigo vat. The pure 
salt occurs as transparent pale green crystals soluble 
in water ; on exposure to the air, or on adding nitric 
acid or bichrome or permanganate of potash, it be- 
comes oxidised or converted into per-salt of iron or 
ferric salt, the additional amount of oxygen thus ab- 
sorbed giving the salt new properties. Thus, whilst 
in the ferrous state it gives a white precipitate with 


ammonia and with ferrocyanide of potassium, and no 
action with sulphocyanide of potassium, it now gives a 
bright rust-red precipitate with the first-named, deep 
Prussian blue with the ferrocyanide, and a deep blood- 
red colour with sulphocyanide. These tests distinguish 
the two salts from one another and from all other 
.substances. Commercial green copperas is frequently 
contaminated with ferric sulphate and oxide. 

Muriate of Iron is seldom employed as a mordant. 

Nitrate of Iron, or Black Iron liquors , — These ai*e 
largely used for logwood blacks; also for discharge 
block on Turkey red. They are of various composition, 
being sometimes ferric nitrate, and sometimes mix- 
tures of ferrous and ferric nitrate and ferrous and 
ferric chloride. Tliey are sold at strengths varying 
from 38 ° to 120 ° T. They are also prepared by 
dissolving iron in nitric acid ; also from a mixture of 
nitric acid, scrap iron, and coppems. The amount of 
iron they contain is exceedingly variable, the only 
criterion of value being chemical analysis. 

Acetate of Iron, Ferrous Acetate, or Iron liquor, 
Fe(CjjH302), is used as a mordant for alizarine lilacs, 
chocolates, and blacks ; for logwood, bark, gall, and 
tannin blacks. It occurs in commerce as an olive- 
green or black liquor at 7 ° T. ; it is prepared by dis- 
solving old iron in crude acetic acid or wood vinegar. 
It is also produced by decomposing acetate of lead or 
of lime with alum. On exposure to the air it oxi- 
dises, like copperas, and gives the same reactions as 
that salt with ammonia, ferrocyanide, and sulpho- 
cyanate of potash. 

Acetate of Iron, Ferric Acetate, or Iron liquor, 
Fe^(C2H302)3. This compound, used as a mordant 
in calico printing, though not to any great extent, is in 
request for dyeing. It is produced by adding a slight 
excess of fenic sulphate, Fe2(S04)3, to acetate of lead 
or lime ; on standing lead or calcium sulphate, and 
a little basic feiTic, -sulphate precipitate, leaving ferric 
acetate in solution.* It is also produced by dissolving 
fenic hydrate, carbonate or oxide in strong acetic 
acid. *1 

Most of the ailetate of iron liquor.s in use are 
mixtures of the pi*eceding compounds. 

ri 

* ^' LT8 OP CHROMIUM. 

Chrome Alum,^^ Crj (804)3, Kj SO4 -f 24 HgO. — So 
called from its cokistitution, which, it will be observed 
from the formu^, conesponds to alum. Its use in 
calico printing is ih the preparation of acetate of chrome, 
and in one or t^o colours, such as catechu brown. 
The commercial article, like alum, occurs in large well- 
defined crystals of the pure salt : these are of a fine 
green colour, soluble in water. The solution of any 
solu^ chromium salt gives a green precipitate of 
Otj |nO)3 with ammonia. 
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TEE EOAB KAOB. 

Hxs WOBK XS THE LATIEa OUT OF BOADS IN BTTBAL, 

SUBUBBAN AND TOWN DiSTBIOTS, THBIB OONSTHUOTION, 

Bbpaib, and in the Choice and Use of the Yabious 

Matebialb Bmploted. 

CHAPTER VII. 

At the conclusion of the last chapter we described 
the ordinary form of iron hurdle. In other forms 
the Btruts or braces to support them are dispensed 
with, and the uprights are furnished at foot with 
three long prongs, something like a digging fork. 
These when pressed into the soil keep the hurdles 
moderately steady. And as pressures upon the 
hurdles tending to ** topple” them over vary, one 
pressure acting in one, another in the opposite direc- 
tion, the opposing pressures give as a resultant a 
general steadiness to the whole range. To secure this 
mutual support the uprights of any two contiguous 
hurdles are secured together. Wire is often used in 
combination with wood, this material forming the 
vertical posts as at d d, fig. 6, the wires stretched 
between them as at e e. These are sometimes passed 
through holes bored in the post at intervals in their 
height, the whole length being tightened up here and 
there in the length of fencing. This makes the neatest 
finished fence. But the other method, of securing the 
wires c o to the posts dd by merely twisting them round, 
gives a stronger fence, as in fijdng the several lengths 
at difTerent heights the strains or pulls upon them may 
be so adjusted as to give considerably greater strength 
to the whole than by the fii*st method above described. 

Fenoei of Boadi (ccmtinued). ---TimhBT Work. 

But by far the most frequently used material for 
fences to roads where quickset or other kinds of live 
(or growing) fences are not planted is wood or timber. 
And this is also the material most in keeping with 
the surroundings, at least in rural districts. Even 
the simplest or rudest timber fence looks more appro- 
priate in such places than the most expensively 
constructed iron or wire fence. The latter, even 
at its best, and from the very characteristic of 
uniformity, looks straight, formal, and, so to say, cold 
when contrasted with a timber fence. JBlsthetically 
considered, the timber fence is appropriate to its posi- 
tion, the iron fence far otherwise. Although as a rule 
there is a bald uniformity in the style of timber 
fences, the material nevertheless lends itself readily 
to any adjustment calculated to please the eye. There 
is no reason why timber fences should be ugly, or 
always erected in the same uniform style, even if that 
style cannot be called ugly. There is every reason, 
indeed, why they should not be so constructed ; and a 
pleasing variety might be introduced into the fencing 
of a long stretch of road by having designs to alter- 
nate according to the peculiarity of the part through 
which the road is passing. 

••AW werw 


Where private property butts upon or comes up 
to the margin of the road footpath, it is generally 
secluded from the public gase, or secured from the 
trespassings of wayfarers on the road, either by the 
expensive stone or brick wall, or, where saving of 
money is an object, by timber paling. This is made 
up of flat boards, secured at their upper end, or near 
it, and sometimes in the middle of their length or 
height, by being nailed to horisontal battens stretching 
between the strong vertical posts driven into the 
ground securely at intervals. The ordinary wood 
paling ” cannot be said to be a pleasing feature in the 
landscape, looking at the road and the ground through 
which it passes as a part of this. Although not a 
whit less or more exclusive— or excluding — in the 
motive for its construction, it has not the same claim 
to the respect — ^the business respect — of passers-by 
which the more solid brick or stone wall possesses. 
This latter kind of excluding fence is at all events 
respectable, because it is costly — in the same sense as a 
celebrated author quotes some one who affirmed that 
a man could be in his estimation nothing less than 
respectable who kept a gig, for gig-keeping involved 
money-having, or, at least, money-spending. But a 
paling is, on the other hand, a shabby-looking 
contiivauce, for, while it betrays on the part of its 
constructor as great a desire to be exclusive or 
excluding as on his who has built a wall which costs 
pounds for every yard-run where his has cost but 
pence, it plainly tells that he bos not the cash, or 
does not care to spend it, for the nobler material. 
And so far neither poverty nor stinginess are deemed 
by the world to be respectable. 

Still, much can be made of the wood paling to 
redeem it from the bald plainness or ugliness which 
unfortunately is but too common also. The reader 
desirous to learn how paling is treated by Continental 
workers in timber so that it possesses some claims 
at least to artistic design, may consult the series of 
papers in this work under the head of The Orna- 
mental Designer in Wood, Stone, and Metal Work,” 
in which there is a section devoted to timber work 
ornamentally treated. We give the baldest and barest 
of hints here — derived from the papers here alluded to 
— as to how the ordinary wood paling can be made to 
look a ‘‘ shade ” better by treating the upper ends as 
at a a in fig. 6 (vol. ii, p. 309), or as shown in a 
slightly advanced design at b. Other methods which 
can give by their adoption real beauty to what is 
almost invariably lacking in it, will be found illus- 
trated in the papers above referred to. 

Fencing at parts of the road other than that 
bordered by private property, which in this country is 
usually excluded from the gaze of public wa 3 rfarers, 
is of the ordinary open kind familiar to all. But on 
the mere position of the individual pieces which make 

9 
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up the fence aa a whole depends the fact whether it 
will be plain or ugly, or have at least some pretensions 
to that which can please the eye. With precisely the 
same materials one man will construct his fence very 
much as a savage would do the work, by << sticking” 
in his pieces of timber along the line of fence; the 
Only point in which his work differs from that of the 
savage being that the pieces are upon the whole 
accurately spaced out, so as to leave nearly equal 
intervals between them, and that they are all in a 



8 . 


sufficiently straight line. Another man, taking the 
same kind of pieces, will so construct his fence that it 
may show some few evidences of thought being given 
to the arrangement to produce a certain effect ; or he 
may, as some do almost intuitively, so arrange his 
pieces that he arrives at what is in fact a good 
design, artistically considered. Some of the ways in 
which timber fencing may be arranged are given in 
illustrations figs. 8 to 11 inclusive. These are merely 
suggestive in a very bald way ; the reader must con* 



suit the papers on “ Ornamental Wood Work,” above 
alluded to, for more elaborate examples based on 
certain principles of design and construction. Figs, 
8 and 9 show the simplest methods of constructing 
or erecting timber fences. In fig. 8 the posts, as a 
and 0 , bounding the footpath d, with its gutter 6, are 
placed vertically, with the timber chiefly running 
horizontally. In fig. 9, in the diagram to the right, the 
whole nearly are vertical, as g — thicker or stronger 
posts, as /, being given at considerable intervals — a 


a 



Fig. 10. 


horizontal tie or batten, 4, being used to connect the 
whole together. This may be somewhat pleasingly 
modified by the arrangement as shown to the left of 
the same figure — the stronger posts, aa a, 5, being 
placed at wide intervals, half of the thinner ones, 
as between a and only passing up beyond the 


first horizontal tie, the other half reaching only to a 
point, 6, a little above the lower tie or stretcher 
batten. In %. 10 the angular arrangement is 
illustrated in the sketch to the left, this being in 
single diagonal, 6, — ^the lower ends of the pieces 
being inserted slightly in the soil, and secured to the 
tie or horizontal batten, 6, between the verticals or 
struts a a. In the sketch to the right the diagonals 
are double crossing, as at d. 

Bead Fenoei or Baitio Timber Work. 

A style of fencing capable of giving exceedingly 
attractive results is that in which untrimmed or 
undressed branches of trees are used. Their employ- 
ment is merely suggested in the sketch in fig. 11 
The whole spaces between the posts, as a a, or d, 
may be filled up with other branches, as at h c, or 
the fence may be arranged at the bottom part as 
g gy and finished at top as at h h. But the combina- 
tions of which natural branches are capable are 
endless ; and while all look well, some can be hit upon 
which will be more than usually attractive. For 
further information on and illustrations of this very 
interesting specimen of timber construction, applicable 
to a wide variety of purposes other than road 
fencing — as to garden structures — the reader is 
referred to the papers already alluded to. 
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Fenoei of Boadi {continvedy Stone and Brick Walls. — 
Betaining Walli. 

In a preceding paragmph we alluded to the 
bounding of roads with stone or brick walls, when 
the road passes along or through a private property. 
On level ground, or in shallow cuttings, the building 
of walls presents no very special difi&culty — good, 
sound, and honest workmanship being what is chiefly 
demanded of the mason or bricklayer. But in 
passing through deep cuttings, whether these bound 
private property or not, specially constructed walls 
are required for the preservation and safety of the 
road and the passers-by upon it. Walls used in such 
situations are called technically retaining walls,” 
and the various points to be attended to in theii* 
^Instruction will be found detailed in the series of 
papers in this work entitled ‘^The Stone Mason,” 
etc., etc. 
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THE LAED DBAIHEB. 

Dbaikagb ov Lahds OB Soils buitablb fob the Cbops 
AND Live Stock of the FAnMEB.—lT8 Histoby, 
PBINCIPLBS, and rBACTIOE. 


CHAPTER VI. 

At the end of preceding chapter we stated that the 
system of draining introduced by Parkes was en- 
titled one of deep draining. The depth, ranging 
from three to four feet six inches, especially in 
clay lands, was the peculiar feature. Some may 
at first sight be disposed to think that, from the 
very character of a clay soil, it was the last in which 
a great depth of drain would be useful. But it is 
precisely in clayey soils that the benefit of deep 
drainage is most marked; the water, contrary to 
popular notions, passing through the dense clay with 
certainty and indeed comparative ease. How this arises 
we shall in duo course see. Having thus brought up 
to date the historicixl fragments — for but little more 
than detached portions are recorded — we have at 
command on the subject of land drainage, we proceed 
now to glance as biiofly at some points connected with 
the formation of soils, and with the manner in which 
water passes through them to drains placed in the 
interior at varying distances and depths of their mass 
or general body, Tliis statement will tend to clear up 
doubts held by some as to whetlier deep drainage is 
really beneficial to soils as crop producers. 

The surface of the earth capable of supporting 
vegetation is formed by the deposit of the debris or 
disintegi’ation of rocks. The soil of elevated gi’ound 
consists principally of the debris of the rock on which 
it rests, the disintegration of which has been effected 
by the action of the elements. The surface of lower 
lying localities is composed of the debris of higher 
l)ring districts conveyed to their present position by 
mountain torrents, and vary in the composition of 
gravel, sand, and clay, frequently mixed with boulders 
or worn fragments of rocks from which the deposit 
originated. Such deposits have been formed in remote 
ages, far beyond the limits to which history extends ; 
and these have been not inaptly called drift deposits, 
and they are frequently found of great depth, in- 
cumbent on rocks to which they have no relation. 
Another description of fomation is of a much later 
period. It is still at the present time going on, 
generally occupying a lower position than the drift 
formation spoken of, occasioned by a less violent 
action of water inundating the surface, from which 
solid earthy matter held in suspension is deposited, 
and is call^ alluvial deposit. The last -mentioned is 
the manner by which recent clays have been formed 
— a soil which, of all others, receives the greatest 
and most marked benefit from being drained. 

On examining a dry block of day, it will be found 


to be divisible into thin horizontal laminae, or layers 
of plastic earth, with partings of sand between the 
laminae, — thus showing the manner in which clay beds 
have been formed. The calcareous or siliceous matter 
composing the sand being specifically heavier tlian 
the minutely divided particles of matter composing 
the plastic earth or clay, the former is deposited from 
the water sooner than the latter, and the coarse sand 
separated earlier from the water than that composed 
of smaller pariicles. This, from a succession of in- 
undations, has formed beds of clay soil of considerable 
thickness, and even sometimes of great depth, the 
laminae varying in thickness, both in plastic matter 
and gritty partings, and in fineness and coarseness 
of the latter, according to the circumstances of the 
depth of the quantity of solid earthy matter contained 
in and the velocity at which the inundating water 
had moved. 

The clay soil above described, however homogeneous 
in its nature it may appear to bo, is always capable 
of being split into horizontal laminje, and, when dry, on 
the surfaces of their beds being rubbed, sand, however 
fine it may be, will be found to compose the partings. 

The difference between the surface or super-soil 
and the sub-soil is, that the former is mixed witli 
organic matter, to a greater or a less extent, largely 
impregnated with atmospheric air, and contains water 
to support vegetation : whilst the subsoil, when com- 
posed of clay, is too compact to admit air or water, 
and is generally dry, unless from springs it is vet 
to such a degree of redundance as to be obnoxious to 
vegetation : hence it is by the admission of air and 
water to the subsoil, or by the escape of redundant 
wetness, thereby preparing the subsoil for the 
nourishment of plants, that draining is so marked in 
its effect on soils resting on a clay or retentive subsoil. 

The laminae in clay subsoils, as they lie upon one 
another, may bo compared to leaves in a book ; and 
although the matter of clay is impervious to the 
passage of water from one lamina to another previous 
to draining, yet on a cavity being made in a subsoil 
containing water by which it may escape, or where 
solar heat is admitted by the medium, the clay shiinks 
horizontally, and the laminae break into a network 
of vertical fissures, by which water can pass through 
them until it reaches the cavity spoken of. 

Very important circumstances are frequently lost 
sight of in cutting trenches for small or collecting 
drains. These are, first, that the trench should pass 
vertically through the lamina and their partings 
before spoken of; secondly, that the water in its 
passage through the subsoil, by the fissures before 
mentioned, to the level of the duct or cavity, passes 
along the partings to the sides of the trench, and 
falls down thereby to the duct ; and, lastly, that in 
filling the trenches the disturbed soil never perfectly 
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unites again with the sides of the trench^ there always 
being an interstice from the surface to the drain, by 
which the water, bleeding, as it were, from the per- 
meable partings of sand between the laminss of clay, 
can pass to the drains. The soil filled into the trench 
losing its laminar arrangement, becomes a puddle plug 
therein quite impervious to the passage of water. 
Hence it is that water is more apt to stand directly 
above drains than in any place between two of them ; 
and, consequently, the reason for not putting drains 
in hollows, as in the furrows or valleys between the 
lidges of ploughed land. The only reason that can 
be adduced for putting drains in furrows is not of 
much, if of any, account on the score of economy 
in a saving of the depth of cutting, as the depth 
of drains, when they properly cross furrows, should 
always be measured at the middiaunch of the ridge, 
and not either at the crest of the ridge or at the 
bottom of the furrow. 

As to the depth at which drains should be made 
no specific rule can be applied, as circumstances may 
require a diiference of depth, not only in contiguous 
fields, but even in the same field, necessary. It may, 
however, be remarked, that failure in efficiency in 
draining never arises from drains being too deep, but 
frequently from their being too near the surface. 
Thus the ducts may be laid above the principal water- 
feeders in the subsoil, or the ducts may be at an 
insufficient depth for the water to acquire a force of 
gravity in its fall to overcome the power of i^etention 
of a deep soil containing a large proportion of organic 
matter until supersaturation, which may be a greater 
quantity of moisture than to be favourable to healthy 
vegetation ; in either case, the drains will obviously 
be of little or no use. A drain, however, may be 
deeper than necessaiy, and therefore improper on 
the score of economy. 

Now, since drains may be too near the surface to 
be efficient, and if deeper than necessary needless 
expense will be incurred, the proper depth of drains 
in eveiy particular case can only be correctly deter- 
mined by sinking trial pits into the subsoil. In making 
such trials, the pits should be sunk to difihrent depths, 
noting which draws most efficiently, and adopting the 
least depth producing the greatest effect. 

As the subsoil may vary greatly in its nature in 
the same field, so the depth of the drains may be 
required to be varied to produce the best effect at the 
least cost. As a general rule, in regard to the depth 
of drains, the more compact the subsoil in which the 
drains are to be laid the deeper should be the drains; 
since water-feeders in a compact subsoil being smaller 
than in that of a more open nature, it will require 
a greater number of feeders to be in operation in the 
former than in the latter case to discharge the same 
quantity of water in an equal period of time. It is 


a fact establidied by the results of repeated experi- 
ments, that, under equal conditions as to the nature 
of soil and distance apart, drains at a depth of four 
feet are more efficient in their action than those 
at a depth of three feet in the proportion of 8 to 5, 
or in the deeper drain discharging eight pints in the 
same time of the shallower one discharging five pints. 
In estimating the comparative cost of draining at 
different depths, the area of the surface is not the 
true measure of economy, but the mass of soil in 
cubic contents drained should be the subject of com- 
parison in deciding this very important matter. 

Whenever the collecting drains are at different 
depths, the receiver or main drain into which they are 
discharged should be sufficiently deep to receive the 
water from the deepest of the small or collecting drains. 

The proper depth of drains being determined by 
the means pointed out in the foregoing remarks, their 
proper distance apart may then be determined from 
their depth, and the nature of the subsoil in which 
they are to be laid. 

TJie diatame a/pari at which drains should he laid in 
terms of their depths and according to the difterent 
kinds of subsoil, are as follows, viz. ; — 

{Tstare of SubsoiL Distance apart of Draixis. 

Strongest clays . • • 4 to 6 times depth of drain. 

Olay mixed with nodules of 

gravel • • . • 6 to 8 „ w » 

Clay with seams of gravel or 
sand, according to the 

thickness of such seams • 8 to 10 „ „ „ 

Sandy or gravelly subsoils • 10 to 12 „ „ „ 

In drains not exceeding six feet in depth, the fore- 
going rule will be found to agree pretty accurately 
with the moat successful practice; but at greater 
depths — which, however, are seldom required in 
or^ary field draining — the distance apart of the 
drains, under different circumstances as to subsoil, 
must be determined by the experience of the engineer 
or drainer designing or conducting the drainage. 

By many persons the system of draining about to 
be treated of has been, as we have seen, attributed to 
the late Mr. James Smith, of Deanston, in Perthshire, 
Scotland, as the originator. Such, however, was not 
really the case, as the system in question was in 
partial use in several localities in Great Britain at 
an early period of the present century; audit was not 
until about 1824 that Mr. Smith, with great enthusi- 
asm, directed public attention to the great benefits to 
be derived from it in increasing the fertility of the 
soil ; and without hk advocacy it might, perhaps, have 
continued for a length of time to be generally unacted 
u;^, — so that, although he may iu>t be in reality the 
o4Pnal inventor, yet, at any rate, great merit is due 
to Mn Smith for having enforced the general adoption 
of the modem system of thorough draining. 
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HZB Toolb, Implements, Maohikbs and Matebialb* 
•^Thb Pbinoiplbb of his Wobk in its Vabious 
Dbpabtments. __ 

CHAPTER VI. 

Wb stated at conclusion of last chapter that the 
plough, the harrow, and the roller constituted for long 
the only — and formed the rudimentaiy— implements 
of agriculture. The introduction of the drill system of 
husbwQdry by Jethro Tull, to which we have in Chap. IV. 
(voL ii., p. 125 ) already alluded, gave another develop- 
ment to the mechanical appliances of the farmer, 
substituting for the rough-and-ready broadcast system 
of scattering the seed over the surface of the ground 
by hand, the corn drill, with the precision and accuracy 
with which it laid out the lines of seed, and proportioned 
to each its due amount, according to the requirements 
of the soil, or what the farmer deemed necessary. 
Then, although at a much later date, came the intro- 
duction of the horse hoe, a corollary or natural 
sequence in mechanical invention to the com drill, 
the one being supplementary to the other ; and the 
complete working of either one of which depended 
upon the perfection of arrangement of the other. 
The com drill ” and the horse hoe ” may be said to 
have revolutionised one department of field work, — 
the first giving the accuracy of parallel lines to the 
growing crops, which admitted of the working between 
them of the tines of the hoe; these in turn not only 
clearing away the weeds, which, growing between the 
lines, if left there would have withdrawn largely from 
the soil and its crops the fertilising constituents, but 
opening up the soil and leaving it exposed to the 
ameliorating influences of the atmosphere. What part 
those influences play in the practice of crop culture, 
we shall see in some cases directly, but in others more 
or less indirectly, as we proceed. 

A Knowledge of the PrinoipleB which aflhot the Growth In 
Belation to the Soil Eccential in earrying out a Good 
Byatem of Working or Cultivating it. 

In the preceding paragraph we have oflfered a few 
introductory remarks on the implements of farming, 
and how these were connected with the general work 
of cultivation. We shall see as we proceed how the 
principles upon which these implements depend for 
their best work ore influenced by what may be called 
the true requirements of the plants. A knowledge 
of the principles which affect the culture of crops, or 
of the laws upon which they depend for their healthy 
ezistence, must be useful to the farmer, not merely 
in carrying that culture out in all its details, but in 
determining how far the implements he uses are 
calculated, or otherwise, to aid him in this, which is 
indeed the most important department of his work. 
JPor although he has to concern himself with the breed- 


ing, rearing, and feeding of live stock, the animals 
making up this must depend in great measure on the 
nutritious and valuable* condition of the crops by 
which they are largely fed. On the other hand, a 
knowledge such as this cannot be otherwise than useful 
and valuable to the mechanic in rural districts, a large 
portion of whose work lies in the construction of the 
implements which the farmers of the district require. 

Eelatioa of the Usohiniet to the Parmer. 

Important in every one of its issues as agricul- 
ture is, it is somewhat humiliating to think that it of 
all our industrial arts has been the last to receive the 
attentions and benefit by the labour of our scientific 
men and of our engineers and machinists. It is idle 
to. say, as has been so widely and repeatedly said, that 
this apathy or indifference of the scientific and techni- 
cal classes has been caused, promoted, and long main- 
tained by that of the farmers themselves as a body. 
For one has only in refutation of this charge to point 
to the fact, which is indisputable, that no sooner had 
science and the technic constructive arts offered their 
aid to farming than this was gladly received and 
readily availed of — so readily and so largely that we 
believe that no class of men inteiested in the progress 
of any branch of industry within so short a space of 
time availed themselves of so many of the aids offered 
them by those classes, by which that progress was 
promoted, as the farmers. So far from being indiffer- 
ent as to what technical science could do for them, 
those who know them best — and the wiiter of these 
lines believes he knows them pretty well — are in- 
clined, having good reasons therefor, to blame them 
for purchasing too much machinery rather than 
for purchasing too little. We venture to say that 
machinists found few customers so easy to persuade 
to the buying of their machines and implements as 
the farmers, and men of science few who so eagerly 
availed themselves of what they offered in the way of 
advancing farm practice. 

If proof be needed of this, it can be had of the 
most convincing kind by a mere reference to the 
importance of the agricultural manure and implement 
trades, as a factor in the general sum of national 
wealth. The writer is old enough to go back a goodly 
number of years; and he can well remember, at 
the period of his apprenticeship, how few were the 
factories and workshops which were concerned wholly 
or chiefly in the making of farm manures and farm 
niaohinery — using these terms in their widest accepta- 
tion — and how trifling in number and value were 
the productions they turned out* Kow the position 
of these 'trades is such that, whether we t^ the 
number of those engaged in them, the variety and 
extent of materials and work they produce, the 
material they use up, the number of men they 
emplqy, or, last, not least, their business capacity, not 
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only as able in their respective departments, but as 
energetic and speciaUy enterprising commercial men, 
they are second to none in the kingdom. Let those 
who know what was the condition of the agricultural 
manure and implement trades, as represented by their 
** exhibits ’’ at shows alone, at the first meeting of the 
Boyal Agricultural Society of England, at Oxford, and 
what it is now, as represented by them at the latest of 
ilie Society's shows, speak to this point. And yet the 
period between the two is comparatively the veriest 
trifle in the history of a people, which takes centuries 
to develop. 

But if so much progress has been made in the past, 
aided, as it has been, by the work of the man of 
science and the mechanic, we believe that vastly more 
will be made in the immediate future, if only they 
will lend their aid to make that progress sure. We 
are of those who believe that we have as yet but 
touched the edge or outer fringe of the vastly wide 
field which lies before the nation in the more scientific 
cultivation of the soil. Nearly the whole expanse of 
this field is literally before us, and if it is to be rapidly 
explored, it will and can only be done by a perfect 
and thorough combination of the work of the man 
of science, the engineer, and the farmer. Disunited, 
one or other of these will do little more than has been 
done ; and, much as that comparatively has been, it is 
not easy to confute with facts the statement that it 
is as nothing compared to what is yet to do before 
we can say we have obtained — even by an approach 
— the maximum of the fertile resources of our soils. 
But this combination of efibrt must be directly 
based on the actual conditions connected with the 
practice of farming — that is, of the soils with which it 
deals, and the influences which can be brought to bear 
upon them. 

The ConditioxLB of tho Soil Essential to Plant Life, required to 
he brought into Existence by Haohines and Implements 
in Connection with Drainage, etc., ete.— The Sources of 
Plant Constituents. 

In naming these, we can of course do little more 
than point out generally some of the leading features 
of the question. All plants derive their constituents 
from two sources : first, from the atmosphere ; second, 
from the soil. The atmospheric comprise two classes of 
fertilising agents — the air and water. The influence 
of the atmospheiic agencies are very marked, although 
for long they were much overlooked, and are, indeed, 
still overlooked by many. Land which is exhausted 
or worn out, if allowed to remain for a length of time 
exposed solely and only to these atmospheric influences, 
will become again fertile ; and if subjected to cultiva- 
tion will again raise fine crops. To admit of the 
action of these influences, it is obvious that the soil 
must be in a certain condition ; and it may be in a bad, 
it may be in a good condition. If it is hard on the 


surface, if the particles are closely compacted together, 
it is beyond a doubt that the air and rain cannot pos- 
sibly penetrate the soil in such a complete way as if the 
surface were open, the particles loose and friable. The 
other source of plant fertility we have named is made up 
of the constituents which are either present in the soil 
or added to it in the form of manures of various kinds. 
These constituents are very unequally distributed: 
one part of a field may, indeed, be almost destitute of 
certain constituents valuable for a certain crop, while 
another part may have more than the crop requires. 
This inequality in the constituents present naturally 
in a soil gives rise to many puzzling circumstances in 
practice, from its being overlooked or unknown, and 
also to a diversity of results in agricultural experi- 
ments, and the experience rising out of them. The 
same remark may be made of the constituents supplied 
to soil through the medium of manure : these may 
be very unequally distributed — one part of the soil 
receiving the maximum, another the minimum supply, 
while a third may in fact receive none at all. These 
facts point to the benefit of a thorough mixing of the 
soil, so as to render it of as even or uniform a quality 
as possible. It may be accepted as the statement 
of a fact that there is practically no S9il in which 
the fertilising constituents present naturally in it, 
considered as a mass, are evenly diffused through- 
out the mass. One part will be always richer than 
another. Some parts may, as indeed is often found 
in practice to be the case, be without these fertilisers ; 
while other parts may have a superabundance of 
them. Hence, any method of working which will 
mix the soil so as to distribute these fertilising 
constituents so that the whole may have as equal 
* a share as possible must be beneficial, as giving equal 
chances throughout of a crop pretty uniform in 
character and value. Further, although the con- 
stituents in the soil may be abundant as regards 
quantity, and all that is required as regards speciflo 
quality, still they may be in such a condition or state 
relatively to one another, and to the plants which are 
to draw upon them for nutriment, that they may 
not be available by them ; and, still further, the soils 
may not be in a condition to absorb or take them up. 
Without going into the minutice of the matter, suffice 
it is to say that soils, when finely divided as regards 
mechanical conditions, are in a condition better fitted 
to absorb the fertilising matter of tho inorganic con- 
stituents present in the soil, than when they are in a 
dense, dose, and compact condition. 

Power of Eootlets of Plants in absorbing or taking up the 
Fertilising Oonstltnents of the Soil. 

This is so obvious that it would seem scarcely to 
require to be studied ; but, obvious as it is, that it is 
neve^eless overlooked by many farmers is proved by 
the iRy condition in which they keep their soils. 
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XEE TBCHinCAL STirOEN7S INTBOOUCTlOir 
TO THE OEHEEAL FB1HCITLE8 OP 
MECHAHI08. 

Law0 apfbotino Natueal Phenomena— Mattbb and 
Motion. 


CHAPTER XXI. 

Centre of Grayitj in Moving Bodiee.— Bolling Motion. 
Wb now como to the phenomena connected with 
the changes of the centre of gravity in bodies, as in 
''rolling and sliding movements.” When a ball or 
sphere, a ft, or a flat disc, perfectly circular, is placed 
upon a perfectly level plane, ae c (f in flg. 14, the 
resting point of its suiface upon the plane o cf is 
precisely under the centre of gravity, g. That is, the 
line, g /, of direction of gravity or of the attraction 
of gravitation, which is always vertical, as we have 
already shown, cuts or passes through the point on 
which the sphere rests, or on which it comes in 
contact with the plane surface c d. If force acting 
upon the side a in the direction of the arrow e causes 




it to roll along the plane o d, the centre of gravity 
moves along in a line parallel to the surface of the 
plane, there being no rising or lifting movement of 
the centre causing it to describe or take a path more 
or less curved, as in the case of solid bodies such as 
are illustrated in the preceding figure. It is this 
condition of the sphere or circular disc in relation to 
the plane or level sui'face along which it roUs, which, 
not necessitating the expenditure of any force, or 
lifting or raising the centre of gravity, as in the case, 
say, of pyramid / go, fig. 9, which makes circular 
or i^hexi^ bodies to be so much more easily moved 
along flat or level surfaces than bodies with ^t sides. 
It is this motion, technically termed " rolling,” which 
gives the value to carriage wheels. The t 3 rpe or 
original form of the modern carriage wheel is the 
roller pure and simple, which in early times was used 
in the form of the branch of a tree, chosen for its 
surface being more perfectly cylindrical than other 
branches. This roller would in process of time be 
more and more shortened till at last the disc or wheel 
would appear ; and when this was fixed or movable, or 


allowed to rotate on a fixed axle, an enormous advance 
in mechanical progress was made. As in the case of 
the "crank,” that other wonderful discovery or in- 
vention in mechanical arrangement, so in that of the 
" wheel ” for carriages to be dragged along by animal 
force, we know nothing of the inventor : so true it is 
that in a large majority of cases the world knows not 
to whom it is indebted for inventions simply priceless 
in value. 

We have said that in the case of a sphere or flat 
circular disc, with parallel faces and therefore a flat 
periphery, the line of direction, h ofy fig. 9, or of centre 
of gravity, gr, is directly over or will fall upon the point 
fy on which the body rests, as the level plane o d ; and 
if we suppose a tendency for the side or point h to 
drop, there will obviously be a like tendency on the 
side a to drop also, and as both are equal in intensity 
they balance each other, and the sphere or disc there- 
fore remains at rest. But if, in place of resting upon 
a level plane c d, as in the first diagram, the plane is 
inclined, as 4 t in the second diagram, wo have the 
conditions altogether changed: the line of direction 
of gravity, or of the attraction of gravitation — in all 
cases, let the young student remember, vertical — in this 
case, represented by the line j ky no longer coincides 
with or cuts the point of coiitact of the sphere with 
the plane h t, and which point is at ly but is just so 
much in advance of it as at this point wi. And as, in 
virtue of the attraction of gravitation, the body has 
always a tendency to fall to or reach the lower point, 
the centre of gravity, j, moves in the direction of the 
line J Thy parallel to 4 in other words, the sphere 
drops, or, in technical and popular language alike, it 
"rolls” down the inclined plane till it reaches and 
rests upon the level plane on which, after a period 
when its " momentum ” has ceased, say at point o, it 
rests precisely as it did under the conditions as illus- 
trated in the first diagram above. 

If the body, in place of a sphere, were a cubical 
one, as in j hi my fig. 7, it would not roll down the 
inclined plane, but "slide” down; and the reason 
why, so to say, it would prefer the sliding to the 
" rolling ” motion is simply this, that before it could 
roll it would have to turn over from one side to the 
other, and always turn over upon a comer, as m or jy 
as on a centre ; but this would involve, as we have 
seen in a preceding paragraph, the raising of the 
centre of gravity in a high curved path (see fig. 11), 
and this raising would obviously take or absorb more 
of this, impelling or propelling power caused by the 
slope or incline than the mere act of sliding down 
the plane would require. Hence the cube would 
" slide,” not roll, down the plane as the sphere would. 
But to show how the "conditions” under which 
bodies are placed influence the phenomena they 
exhibit, it is necessary here to explain why a body 
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square or rectangular in section, and therefore with 
flat surfaces, will roll, not slide, down a eloping 
surface, as many of our young readers may have seen 
bodies of this or of very irregular section do* Where 
the incline is very great, or the surface, in common 
language, very steep, and where the surface of the 
body is so very rough, or that of the inclined plane, 
that great friction is created between the two, a 
less degree of the impelling force may be required 
to turn the body over in its career than that required 
to overcome the friction between the flat side and the 
surface of the incline ; as the easiest course is in natural 
phenomena taken, the body rolls down in preference, 
so to say, to sliding down. But even in cases where 
a square or flat-faced body begins and takes a certain 
part of the downward course with the process of 
sliding, it might be changed into a rolling motion. 
For as the body would acquire momentum as it 
advanced along the slope or incline, it might reach 
some obstruction on the plane which, if strong enough 
or firmly fixed enough to ^ve way, would so act that 
the corner of the body catching it would bo arrested, 
and the momentum would cause the centre of gravity 
to be raised, and the object would, so to say, topple 
over,” precisely as shown in figs. 10 and 11, and 
when once begun this toppling might be repeated 
and the rolling motion would be continous till the base 
of the incline was reached. The rolling motion of a 
body square or irregular in section must be of 
necessity the reverse of smooth or easy ; it, is, in fact 
made up of a succession of bumps or blows as each 
comer or projecting point comes round in contact 
with the surface of the plane along which it rolls. 
In the case of a sphere or disc or a cylinder, the 
rolling is smooth, for all the lines radiate from the 
centre of gravity in equal directions, and are all of 
equal length, as shown in first diagram, fig. 14 ; so 
that there are no comers, protuberances, or projecting 
parts. We have been thus particular in describing 
the points taken up in this paragraph, for, simple as 
their phenomena may seem to be, it is not every 
young reader who knows the principles upon which 
they depend, and can explain them ; and, as we have 
said before, and it is worthy of being said again, he 
should gain the habit of thoroughly understanding 
simple subjects before passing to more difiicult ones. 

The Centre ef Gravity of Bolling Bodies [eonUmked), 

We have hitherto considered the phenomena of 
rolling stones in relations to the centre of gravity, in 
which the body, as the sphere or globe, the circular 
flat disc, or the long cylinder, is of equal substance 
throughout, and therefore any two points at opposite 
ends of a diameter of equal weight. But we can con- 
ceive of a sphere or di^ or cylinder having its sub- 
stance or material unequal — as, for example, a wooden 


globe or disc with a mass of lead at one point of its 
circumference. A body thus made is in popular lan- 
guage said to be ** lop-sided ” ; and this is illustrated 
in the first diagram, fig. 16, in which the wooden disc, a 
has a lump of lead or heavy metal h at one part of its 
periphery. From the mass of a body, having, as we 
have seen, a tendency always to seek the lowest point, 
a disc so made, when allowed to rest upon a perfectly 
level plane, as c in first diagram, fig. 14, would always 
assume the position as in first diagram, fig. 16, with the 
weighted part h in contact with the plane and directly 
under the centre of gravity a. If placed in the posi- 
tion as in second diagram in fig. 15, with the loaded 
portion at e, the upper part, by very dexterous mani- 
pulation, might be so balanced as to remain in this 
position, in which the central point of weight, s, would 
be in a line with the points / and f g being the 
direction of gravity or the attraction of gravitation. 
In this balanced position the body would have just as 
great a tendency to fall over, or to move in the direc- 
tion of the arrow A, as in that of the arrow i ; and this 
tendency to fall or move would be made to operate 
with a very slight force exerted from either side : a 
slight current of air blowing from side h would cause 



the central point of e to pass from the line e/g to- 
wards i, in which case the tendency of the weight e to 
fall to the lowest point, as at b, in the first diagram, 
would bring it round to the side i, and would thus 
cause the disc to advance or roll in the direction of A, 
till it rested in the position as in first diagram at h. To 
roll the loaded disc, as in second diagram, along the 
level plane in which it rests, or to move it along in the 
direction of arrow A, would be a more difficult task than 
to move the disc of equal substances throughout, as a 6 
in the first diagram. For in the second, before we can 
make the disc move in the direction of arrowy, we 
have the additional work to do of raising weight h 
(first diagram) in the direction of arrow d, also the 
centre of gravity, much in the same way as already 
explained. This lifting of the weight at point g 
(second diagram) would continue till a point a little to 
the right of point e was reached, when the tendency 
of the weight to reach the lowest point, or gravity, 
causing this weight to fall in the direction of arrow t, 
all the labour of lifting would then cease, and the 
weight itself, or rather its tendenqr to gravitate to the 
J|west point p, would do the work of rolling the disc 
along in the direction of arrow k ; but if this mottcn 
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k to be oontmued, the lifting or raising aotion has to 
be gone over again after the weight has reached the 
position ae at g. 

Let U8 suppose, however, that in place of the loaded 
cylinder resting upon a level plane, as in second dia- 
gram, fig. 15, that it is placed upon an inclined 
plane, c, as in first diagram, fig. 16. Here the line 
of direction of giavitation falling perfectly vertical, 
as in all cases it does in the line, falls outside 
a, to the left of point of contact c, of the disc or ball 
in the inclined plwe, and hence through the tendency 
of the weight or mass to take the lowest position, it 
rolls down the inclined plane in the direction of the 
arrow d, the circular surface of the disc or globe 
moving in the direction of arrow e. But before it can 
so roll down, the weight or load o has to be raised or 
lifted in the direction of the arrow e ; and it may be 
that the force of gravity or of attraction of gravity 
may be so slight, as compared with the weight of the 
load at 0 , that it may not be able to raise it in the 
direction of the arrow e, so that we could have the phe- 
nomenon of a loaded ball standing or remaining still or 
quiescent at one point of a surface which nevertheless 
was inclined or sloping. This state of rest could only 



be when the relation of the weight of the load to the 
force of the tendency of the ball or disc to roll down 
the inclined surface was exactly equal or balanced. 
And this would obviously depend upon the rate of in- 
clination or the angle of the slope of the surface on 
which the ball was placed. We have seen that the 
position of a ball on a perfectly level surface is as in 
first diagram, cfd^ fig. 14,— on an inclined surface as 
in the second diagram at n m t; in this latter, the 
greater the slope or angle of incline, the greater the 
distance between the point w, where the line of direc- 
tion of gravity, j outs the incline, and the point f, 
where the ball will roll down the incline. Decrease 
the distance m we lessen this' tendency to roll down ; 
for it will be perceived by the young reader that we 
cam decrease and decrease it till at last we change the 
inclined into a level surface, as in first diagram. We 
know that a body dro{^>ed from a height in free apace, 
whether heavy or light, falls vertically till it reaches 
the ground, as in first diagram ; if the ground is 
level there it rests, for it has reached the level 
point /. But in first diagram, fig. 16, upon inclined 


surfaces, it cannot continue, the vertical course 
being opposed by the substance of the inclined sur- 
faces; it can therefore only reach the lowest point, 
which is on the levels i and g, by rolling down the 
inclined plane, between the vertical or free-spaoe 
drop and any inclined surface, the two forces being 
contrary, but equal. Again, we could have the phe- 
nomenon, still more singular and to some stfil more 
puzzling, of a ball or disc rolling up an inclined sur- 
face, when all experience tells us it ought to run down 
it. This, however, is easily explainable on the prin- 
ciples we have already indicated, and it is illustrated 
in second diagram in fig. 16. Here we have a 
loaded ball placed upon an incline, the tendency which 
naturally it has to roll down the incline being repre- 
sented by the distance k L But if we place the loaded 
ball somewhere in the position as shown in the diagram, 
and if we have the weight of the loaded part, as at m, 
so that it is greater than the force represented by the 
distance k the weight will fall to the right in the 
direction of the arrow n, raising the centre J and 
making the ball to appear as if rolling up this incline 
in the direction of the arrow o. But the inoment the 
weight reached the point corresponding to c in first 
diagram, fig. 16, or that point whore its force, so to 
say, was overbalanced by the force represented by 
the distance k second diagram, gravity would then 
cause it to roll down the incline till it reached the 
lowest point, which would be somewhere on the level 
line t, and that at which its rolling would cease to 
act and that of gravity and friction control and bring 
it to rest. 

Centre of Gravity, Bolling Xotlon, Carriage Wheels 

Carriage and cart wheels revolving freely on 
fixed axles as centres owe their value, in making 
traction on roads easy, and at a very much less 
expenditure of horse-power than when running on 
sleds, to the principle we have explained in connection 
with rolling ladies, as balls or spheres or circular discs, 
as in connection with the diagrams in fig. 16. 

A cart or carriage wheel is, in fact, a circular disc, 
only that for lightness, as well as being most pleasing 
to the eye, the face of the disc is not solid, but has, 
as it were, spaces cut out on it, radiating from the 
centre to the circumference, leaving solid parts between 
two contiguous spaces, the solid parts corresponding 
to what are technically called the spokes or arms of 
the wheel, as in the first diagram in fig. 12, anlo. The 
spol^ all terminate in a .circular part in the centre, 
which is called the hub ” or ** centre,” and in the 
centre of this is the aperture, containing in practice 
the ‘‘ axle-box ” or bush by which it is placed on the 
journal or turned end of the ^‘axle” or ^'axle- 
tree.” 
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THE STEAM EHaDTE USEE. 

The Difpeeknt Classes op Engines used chiefly fob 
Manufacturing and Agricultural Purposes.— The 
Leading Details op Steam ENGiNEa— C onstructive 
AND Operative.— Their Practical Working and 
Economical Management. 


CHAPTER XVI. 

We stated at the end of last chapter that the rings 
of Mr. Ramsbottom's piston must be made very light, 
for, as he says in a paper on the subject, “three 
separate grooves, each J inch wide, | inch apart, and 
inch deep, are turned in the circumference of the 
piston, and these grooves are fitted with elastic packing 
rings, thus presenting a much less area to rub 
against the side of the cylinder. This form of piston 
is almost invariably to be found in locomotive engines 
and in high-speed stationary engines. 

The Governor, as its name implies, governs the speed 
of the engine, by means of the momentum given to it 
by the speed of the engine. The earlier form of 
governor, shown in fig. 33, consisted of an upright 



spindle which carried two levers jointed to it a,t its 
upper end. To the lower ends of these levers were 
attached heavy weights, which, as the spindle revolved 
quickly or slowly, flew farther from or drew closer 
to ifc. By means of other levers and rods this motion 
was communicated to a kind of valve called a throttle 
valve. The action and construction of this valve will 
be described elsewhere, under the head of Valves — so 
we need only just mention it here. Motion was given 
to the governor by means of a strap or chain, and 
pulleys, or else by bevel wheels, in either case driven 
from the crank-shaft of the engine. This form of 
governor is called the “ pendulum ” form. It will be 
noticed (in fig. 33) that the balls are suspended at 
points A, B, on either side of the spindle s ; each arm, 
0, 0 , is connected by a link n to a block free to slide 
on the vertical spindle. The centres a, b, being fixed 
to the spindle and turning with it, as the balls fly 
outwards the slide s is raised^ or if they fall there is 


a corresponding motion imparted to the slide. The 
efleot of placing the centres a, b, a little distance from 
the axis or spindle is to render the governor less 
sensitive. 

In Watt's governor the levers or arms were made 
in the form shown in fig. 34, being centred at o. In 
this sketch one arm is shown by full lines, and the 
other by dotted lines. The angle a c B always 
remained rigid, whilst motion was communicated to 
the slide E by means of the short lever a e, jointed 



at these two points. The result of this arrangement 
was that a considerable motion was given to the 
slide E by a slight variation of height in the weights. 

Another form of governor is that illustrated in 
fig. 35, and designed by Mr. Jeremiah Head, of 
Middlesbrough. In this design the points of sus- 
pension are on opposite sides of the central spindle \ 
and its peculiarity lies in the fact that by properly 
adjusting the centres a, b, to the lengths of the 
arms it can be provided that the arc in which either 



ball moves shall be approximately an arc of a parabola. 

In a paper read by Mr. Head at a meeting of the 
Institution of Mechanical Engineers held in Middles- 
brough, reference waa made to a model of these 
three forms of governors — in which all were driven 
by the same crank and moved at the same rate. In 
starting them, the first to attain its extreme position 
was the crossed-arm governor of Mr. Head (fig. 86) i 
t^ followed Watt’s (fig. 84) ; and last of all, as being 
leiro smisitiv^ the oomznon governor (fig. 33). Then| 
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BA the speed of rotation gradually decreased, the 
various governors collapsed in the reverse order — 
namely, the common governor first, then Watt*s, and 
last of all the crossed-arm governor. In order that 
this last governor be not too sensitive, a light spiral 
spring is fixed, as shown, on the spindle, to prevent 
too sadden a movement of the arms, and retard them 
slightly in their ascent. The model here referred to 
may now be seen in the Science and Art Department 
of the South Kensington Museum. There are several 
other forms of governor used at the present time, and 
perhaps the form most unlike (in general appearance) 
the pendulum governor is that known as the Allen 
Governor. This consists essentially of a six-bladed fan 
attached to a spindle. On the same spindle is a case 
free to revolve, and filled about two-thirds with oil. 



Fig. 80 . 

As the spindle is set in motion by the engine, so the fan 
is turned at a speed of about 350 to 400 revolutions per 
minute. There are also projecting ribs inside the casing, 
the edges of which just clear the edges of the revolving 
fan. The rotary motion, communicated to the oil in 
the cylindrical casing by the rapidity of the revolving 
fan, acts upon these projecting ribs, tending to drag 
the casing round with a force dependent upon the 
velocity of the fan. The tendency of the casing to 
rotate is resisted by a weight, the action of which is 
illustrated by the sketch, fig. 36, in which the weight 
is shown suspended by a chain colled round the cir- 
cumference of the cylinder or casing. The weight 
is adjusted in amount so as exactly to balance the 
tendency of the cylinder to rotate when the engine 
is running at its correct speed ; but any increase of 
speed causes an increase in the rotary force that is 
communicated to the cylinder, and the resistance of 


the weight being consequently overcome, it is instantly 
drawn up; the throttle-valve lever being connected 
to the weight, the valve is closed by the rising of the 
weight, and further increase of speed in the engine 
is prevented. On the contrary, any diminution of 
speed in the engine reduces the rotary force so that 
the weight instantly falls, and opens the throttle- 
valve wider. Fig. 36 illustrates the principle of the 
governor, and gives a general idea of its working — 
the detail, however, differing a little in practice. 

Valves . — Under this head it is intended only to 
describe the valves used to regulate the admission of 



Fig. 87. 


steam to the ends of the cylinder, and not to include 
the various stop valves, safety valves, etc., etc. As 
may be seen by referring to drawings of early engines, 
circular valves are used, which rise and fall with 
every stroke of the engine. The form of valve and 
the method of using it, as adopted by Watt in his 
engines, for admitting steam to the cylinder is illus- 
tratedvery clearly in fig. 37. On raising or lowering 
the rod r, the valve was made to fall (close) or rise 
(open), motion being imparted to the valve by means 
of the segmental pinion engaging in the rack on the 
stem of the valve. This arrangement may have 
answered for slow-working engines, and in the days 



when coaching was considered a quick enough means 
of locomotion. 

An improvement on this form of valve was that 
known as the double-beat valve. In the disc valve 
jtist described considerable power would be required 
to raise the valve if the pressure of steam were above 
it, or vice versd ; for if we consider that, say in a valve 
only 4 in. in diameter there is an area of about 12^ 
inches, and if the pressure of steam be, say 6 lb. per sq. 
inch, this will equal 75 lb. weight independent of the 
weight of the valve and rods. The double-beat valve 
was designed to overcome this difficulty. Its form 
and method of working will be easily understood from 
the accompanying sketch (fig. 38) and description. 
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THE GBAZIEB AND CATTLE BBEEOEE AHO 

The Technical Points connected with the Vambties ob 
Breeds or Cattle— Thbib Breeding, Bbabing, Feed- 
ing, and General Management for the Production 
OP Butchers’ Meat and op Dairy Produce. 


CHAPTER XVIL 

In the analyses of foods which we have given in the 
preceding chapter, the reason why a third column is 
given to the oils and fatty matters, therefore, is not 
that they form a third division, but simply as a point 
of convenience as extending the last, and showing 
(what is often desired to be known specially) the per- 
centage of oil, etc., in the various foods. 

In prefacing those analyses we took occasion to 
refer to the difference of opinion between chemists 
and physiologists as to what are the nutritive parts 
of food. And it will have been noted by the intel- 
ligent reader that the chemist discards water, ash and 
woody fibre from the list of nutritive constituents. 
Glancing only at the first of these, it is, we confess, 
very difficult to understand the reason why water 
should, by the chemist, be considered as a non-nutri- 
tive element of food, It may, indeed, bo difficult to 
define with precision what its effects are on the system 
in producing nutrition of some kind or another, as it 
may be difficult, and indeed is, to give their precise 
value to its effects, even if these be known. But that 
it is wholly valueless, as the chemist assumes, we 
cannot, either from scientific reasoning or from the 
analogies of ordinary life, bring our minds to believe. 
Judging from what we know, we should much rather 
be inclined to decide that water does not play a sub- 
sidiary or even a secondary part, or the part only of 
a single element ; but that it is an essential, and that 
without it all the other elements of food would be 
wholly valueless. In other words, water is so import- 
ant an element that it is the medium by which alone 
the other elements can be assimilated. It may not be 
per se (that is, by or in itself) a nutritious substance; 
but it is the vehicle, and the only vehicle, available in 
the constitution of man and of animals by which the 
other nutritious elements of food can be taken or 
conveyed, so to say, to the animal frame. If our 
readers remember what we have in a preceding 
chapter said on the subject of Manures, they will be 
able to trace an analogy bearing on the present case. 
A manurial substance or fertilising constituents 
applied to the soil would remain inert and exercise 
no influence upon the plants, unless water or moisture 
from the atmosphere acted upon it. Manurial con- 
stituents can only be assimilated by the plants when 
in a state of solution. And this will be readily under- 
stood when we consider the nature of plants and their 
roots and rootlets, with their almost endless ramifica- 


tions of veins or tubes of infinite smallness, by which 
the fertilising juices, so to call them, are conveyed 
from the soil to every part. In like manner the 
reader will readily conceive how inert the solid parts 
of food would be if lying, and allowed to lie, in the 
stomach of an animal with the complete absence of 
water. Just as he can as readily conceive how the 
same food acted upon by water — in reality by the 
gastric juices, which, however, could not exist without 
water or moisture in the animal — being dissolved^ 
would be readily assimilated and taken up by the 
countless vessels and tissues of the animal. As 
physiologists we are therefore justified in deciding 
that water is an essential element in all foods, with- 
out which all the other elements would remain in the 
system inactive. And this, the essential value of 
water, is quite apart from any consideration affecting 
its Rvalue or otherwise as a directly nutntive element 
in itself. It may be admitted that water per se is not 
a nutritive element, and yet this admission would 
not destroy the force of the statement that, notwith- 
standing, it was and is still essential that it should 
be present with all elements of food, otherwise these 
elements would not and cannot be a^imilated by 
the animals. 

But the physiologist, while claiming this high value 
for water as a part of food, and while so doing ready 
to admit that it may act only as a mechanical me- 
dium by which all the admittedly nutritive elements 
are conveyed to the tissues of the animal, goes very 
much further than this. For he claims for water a 
high value as an element of nutrition per ae. And 
here again we confess to a feeling of surprise that 
chemists, with all the facts of experience before them, 
to say nothing of what from analogy may be con- 
sidered to be facts— could have decided that in esti- 
mating the Value of a food, the water, or moisture in a 
form which is designated as water, is to be discarded 
as an element of no value — as worthless. Water, on 
the contrary, is not only an element of some value, but 
it has a positively high value as a nutritive constituent 
of food. It might, indeed, be said with almost abso- 
lute scientific accuracy that it is the most nutritious 
of all foods. Certainly, taking them all, it possesses 
the highest value as a sustainer of life. For it ia 
well known that a man will live longer who is supplied 
only with water — and nothing else, than another who 
is supplied with solid food, but deprived of water. 
Men with nothing but water have lived for long 
periods, who would have died long before had they 
been deprived of it; while the physical torture of 
a death arising from want of water is possibly tho 
greatest man can suffer — ^greater far is it, certainly^ 
than a death from hunger only. 

I While, physologically considered, it may be decided 
M a scientific fact or truth that water is in and by 
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itself a highly nutritious element of food, there is 
still another point connected with it which causes 
4X)n6ideration8 of the highest importance in the science 
of food and feeding. And this is when water or 
moisture is in direct relation to and connection with 
the plants themselves, which form the articles of food. 
And we would here claim from the chemist himself a 
due oonsidmation of the points involved which are 
mainly chemical. From the analysis we have given 
of the various foods used in feeding cattle, our reader 
will have observed that water takes a prominent posi- 
tion. And this possibly to the surprise of some of 
them, who with such articles of food as wheat or oats 
may have associated, as is in the popular mind generally 
associated, the idea of extreme if not of absolute 
dryness. But while seed plants, as wheat and beans, 
have but a small percentage of water, and this vary- 
ing very much according to season and condition, 
other farm food produce, such as root and leaf plants 
— ^turnips or cabbages — have a larger percentage of 
water, or what the chemist tells us and assumes to be 
water. More correctly speaking, this water is the 
juice ” of the plant. If the reader will turn to the 
analysis we have given in the last chapter of various 
foods, he will see that the root plants have all a high 
percentage of water, the lowest — the potato — having 
as much as 75 per cent. ; the highest — the turnip 
— 90^ nearly (90’43). Now, if this moisture or juices 
is or are to be discarded as of no value nutritively — 
being reckoned by the chemist as water, and there- 
fore valueless — we are driven to the conclusion that all 
the nutrition of the root — say, for example, the turnip 
— lies in the small part which is solid, that is, in one- 
tenth only of the whole bulk. Turnips we know to 
be nutritious, to be liked, and to be readily assimilated 
by the farm stock. And of grass generally it may be 
said to be the natural and the best food for them ; 
yet grass, like turnips, is mainly made up in bulk 
or weight of water, so that all that is nutritious in 
the estimation of the chemist lies in the small re- 
maining bulk of material. Judging from the known 
effects of such foods as grasses and clovers, of roots, as 
mangolds, and of leaf plants as cabbage or rape, one 
would be inclined to conclude that there must be some 
nutrition in the moisture or ** juices^' of the plants. 

But we should be inclined to go much further than 
this. We sliould claim the aid of the chemist himself 
in deciding, from a purely chemical point of view, 
whether the “ juices ” of a plant — as that of a turnip, 
for example — are to be considered as water only, that 
is in its ordinary condition, and therefore to have no 
value as a source of nutrition ; or whether they are not 
something more than mere water. Apart altogether 
from what a close chemical investigation into and 
analysis of the “juice” of a plant would show, 
we oon draw from analogy and facts as they exist 


in abundance around us the reasonable conclusion 
that the “juice” of a plant may in one sense be 
reckoned to be water only, and in anoth(^r may 
be said to be water and something more. What that 
“ something more ” is, remains in the case of our farm 
foods to be discovered by chemists, for hitherto no 
investigations of a complete character have been made, 
or if made have not been published. But this we do 
not hesitate to say : that this “ something more” than 
mere water which a plant juice possesses is a distinct 
constituent of the plant, and is that which distin- 
guishes the juice of one plant from that of another. 
We say this all the more decidedly, for it is not to be 
denied that in flavour — to say nothing of other charac- 
teristics, such as colour, consistency and the like— • 
the juices of plants vary. And this is certainly more 
characteristic of fruits, or perhaps is better known, 
as farm foods are not subject to the popular trial and 
liking which fruits receive. The great probability, 
we should be inclined to say, that the known and 
easily appreciated difference between the flavour of 
a pear and that of a peach lies first in the differ- 
ence in that constituent^ which is the “something 
more” than mere water, under which head the 
chemist would rank the juices. And the same holds 
true of the juices of a turnip and of a cabbage, of a 
Jerusalem artichoke or a carrot; this difference in 
flavour between each being the measure, or rather the 
indication, so to say, of the difference between the 
“ something more ” than mere water of the juices of 
those plants. Judging from scientific analogy, we 
should be quite safe in predicting that a strict 
chemical investigation into the juices of a plant used 
as food for farm stock would show that it was pre- 
cisely in the character of the constituent which gave 
the difference in flavour — to say nothing of other 
characteristics — between it and the juice of another, 
that lay its nutritive value as a whole. Even from 
natural analogies we confess that we find it impossi- 
ble to believe that the juices of all plants used as 
food are alike, and all to be claimed in water. The 
chemist, as evidenced by the analyses wo have given, 
and by all other analyses we have examined (and 
their name is legion), would seem to decide that they 
were, and that all were valueless, inasmuch as we 
have seen he decides that water plays no part — even a 
very subsidiary one — in the processes of nutrition* W e 
have’seen that from a physiological point of view — 
and this we venture to maintain is the absolutely 
correct scientific, as it is the reasonable and natural 
one — the decision of the chemist that water is of no 
nutritive value is wrong. It is no less erroneous 
when it assumes that the juices of all plants to l)e 
considered and dealt with in the practice of feeding 
are the same. On the contrary, we believe that 
whenever the whole subject receives — as from its 
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importance it is worthy to receive— a full scientific 
investigation^ the result of this will follow the lines 
we hav^ indicated, and that as the juice ** of each 
plant is already known by its flavour to be distinct 
from that of another, so will it yet be known by 
some characteristic constituent which will set it aside 
and mark it off as the peculiarly distinctive feature 
of the plant, and that which in all probability goes 
far to make the difference between the nutritive value 
of one plant and another. In the future, therefore, 
of the science of cattle feeding and food, we may 
I’easonably predicate that in all estimates of the value 
of foods we shall find marked prominence given to the 
characteristic of the juices, or “water,** as it is by 
analytical chemists called. 

We do not wish it to be inferred that all chemists 
follow Liebig in the estimates they make of the value, 
or rather no value, of water as an element of nutri- 
tion, and in their decision that all the waters — juices 
— of plants are the same. But a large number of 
chemists— probably the majority— do follow Liebig in 
this. And we have always looked upon the views of 
this eminently great chemist as productive of practical 
evils in the art or science of feeding, as leading to 
misconceptions of a grave character tending to retard 
the spread of just views on the subject. We never- 
theless felt surprise that this great savant should 
have decided the points wo have been referiing to as 
he did — doing so with a strange lack of that scientific 
acumen for which in all questions he was so remark- 
able. It certainly is, from a practical point of view, 
greatly to be regretted that his views should have 
been so widely accepted. So widely that nearly all — 
we might say, with truth, all — the published tables 
of the nutritive values of foods are based upon 
Liebig*8 assumption — for it was only this, and not a 
scientific truth based upon scientific facts — as to the 
worthlessness of water in a food ; and that the 
waters — juices — of all plants are to be taken as 
precisely the same. On the other hand, there are 
distinguished men of science who take exception to 
Liebig*s views on foods, and while accepting his 
theory generally as correct, and admitting the singular 
accuracy of his investigations and analyses, and the 
clearness and general soundness of his deductions, 
set their faces firmly against some of his views — and 
markedly on this of water. And it is to be hoped 
that their expositions of those views will yet be as 
widely disseminated amongst the reading portions 
of the farming community as the tables generally 
published. Amongst the eminent scientists of our 
day, who hold more reasonable and more scientifically 
accurate views — based upon an eminent knowledge cf 
science in all its departments — must be named Dr. 
Voelcker, who, as Consulting Chemist to the Eoyal 
Agricultural Society of England, was, during many 


years of his useful life, assuredly at the head of 
agricultural science. Dr. Voelcker, in more than one 
able paper, characterised as much by the clearness 
of their exposition as they are distinguished by the 
soundness of their scientific opinions — drew m^ked 
attention to the fact that the value of foods or farm 
stock cannot be studied solely from the point of view 
which chemistry alone affords. He showed that the 
views and deductions of physiology must also be 
considered. 

_ And that this view is pre-eminently the sound and 
safe one for the practical feeder, as it is a right point 
of view for the man of science, is to our mind 
beyond a doubt. For in the feeding of animals we 
have of necessity to deal with organisations in which 
are present, and ever acting, all the phenomena of 
life ; and it is here where creep in the errors which 
the purely chemical view of the subject give. As we 
have before said — and from the practical consideration 
which it carries it is worthy of repetition — the de- 
ductions of the laboratory, with all its fixed and dead 
appliances, must be in practice greatly modified when 
life with all its varied and ever-varying pheno- 
mena are dealt with. Whatever may be assumed— 
and in the practice of the laboratory it is too often 
assumed — the experiments of the crucible and the 
test tubes do not give all the results nor afford all the 
indications of the trials of foods given practically to the 
animal. What goes on in the test tube can be seen 
or known with definite precision ; what goes on in 
the animars body cannot be seen, and is not by any 
means always known. We can only conjecture, but 
it is important that we conjecture reasonably — ^that 
is, base our opinions upon what we do know, not upon 
what we conceive we know. 

There are, however, certain other points connected 
with the chemistry of food yet to be noticed, and in 
wliich the science of physiology comes in to give us 
information of grave impoi’tanco to the pi'octical 
feeder of farm stock. In referring to the analyses 
of foods which we have given, the reader will perceive 
that amongst the elements of non-nutrition the woody 
fibre of plants is classed. It is this which generally 
contributes, along with water, to the bulk or size of 
the plants. In the case of cattle, fattening oxen 
and dairy cows, the formation of the stomach, with 
its large capacity, shows that bulk must, or ought to 
be, a characteristic of the food given to them. The 
stomach can only fulfil its functions perfectly when its 
surface with all its vessels acts upon the food; so 
that if this be given in small portions, or in a highly 
concentrated form, digestion is not properly developed. 
Hence, when very rich food, and which therefore 
occupies less space, is given to an ox or a dairy cow, 
pother and less rich food must be given along with it : 
^ straw is generally used for this purpose. 
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THE CARPENTER AlTD HIS TECEHICAL WOBK. length. All the joints used in connecting 

Its Obigik and Early Wobk—Thk Principles and Put together lie in the 

Details op its Practice. same line, either horizontal or vertical, are of this 

kind. But there is this distinction between those 

CHAPTER XIII. joints we have already given and those we are now 

Continuing our remarks on roofing joints, junction of about to present to the notice of the reader, namely, 
king and queen posts with tie-beam, we give in Fig. 6, that they are usually adopted for pieces of small 
Plate LXI., the assemblage of timber at head of queen scantling comparatively, whereas the devices now to 

be illustmted are employed for pieces of large 
section, and which are commonly called beams. 
We have given a wide variety of joints adapted 
for the junction of pieces having different re- 
lations to each other; but those we are now 
about to give are used only where pieces are 
to be joined in the direction of their length. 

Beams are lengthened by one of two 
methods — fishing ” and “ scarfing.” The 
simplest method of fishing ” a beam is illus- 
trated in fig. 66 ; in this the two beams are 
placed together so that a short part of the 
length of each rests on the face of the other 
piece, as at a a, 6 6, and when so placed secured 
together by means of a rope, as at c o. It is 
obvious that if the two pieces are round in sec- 
Fig. fif). tion the joint will be anything but a firm or secure 

post a a in diagram (elevation) a ; i 6 end of principal one, as each piece has a tendency to ride or roll upon 

rafter tenoned into queen post, in the side of which, Il^o other. A much more secure joint in this, the 

opposite to principal, is the straining beam ; c common simplest and rudest way of lengthening a beam, will 

rafter, as at d, e purlin. In diagram b another method when the pieces are square in section, as 

of joining end of common rafter to head of queen post d d , e e ; and the junction may be made more perma- 

is shown. nently secure by binding or tying them together by 

In the joints used in fmming which in preceding straps, as at / /. 

chapters we have illustrated and described, the two But, however secure may be the joint effected by 
pieces or members which go to make up the joint as either one or other of those two methods of fishing, 
a complete arrangement, each piece has been supposed und they are often adopted in rough work, as in 
to be of the proper dimensions— in length, breadth, bricklayers* and buildei-s* scaffolding— they obviously 
and thickness. It frequently happens that 
while the dimensions in section — that is, in 
depth or thickness and breadth — can be 
easily enough obtained, the length is deficient ; 
and it is difficult, in many cases impossible, 
to procure a beam having the requisite cross- 
section — breadth and depth — with a length 
in one piece sufficient for the work to be 
done, or for the office the beam has to fulfil. 

Hence methods in practical carpentry have 
to be resorted to to make a long beam out 
of two or more short ones. 

It is to the devices employed in doing this essential Fig. 66. 

work that we now propose to direct the attention of give a very inconvenient form of joint, from the 
the reader. If he will refer to the various joints we projections they offer, — these quite interrupt the con- 
have in preceding chapters given, he will see several tinuity of the piece considered as a single membei*, 

forms which are obviously devices for lengthening by the ** steps ” formed in opposite sides, the upper 

short timbers — that is, for making a piece practically and lower, of the beam. Another method of fishing 
one out of two sepamte pieces, either equal or un- a beam is therefore usual. 
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This gives a perfectly flush surface to the united The methods used for jaming timber by that known 
pieces throughout the whole length of the member, as ^'scarfing” — are pr^ty numerous: flg. 9, p. 13, 
considered as a whole. This method is often called voL L, illustrates the ** soai^g ” of two pieces a and 


splicing,” more especially by seamen, with 
whom it is a favourite method of gaining one 
strong piece or spar of timber out of two short 
or broken pieces of unequal length. The term 
** splicing ” no doubt originated with them. As 
to the other term, fishing,” which is applied 
to the method — although this also appears to 





have a maritime origin — it is apparently a term 
which is a corruption of the French word 



afficheTf to fix or place and secure one body in 
contact with the other. Fig. 12, p. 14, voL i., and 
fig. 67 illustrate the method of fishing timber known 
as splicing, and which gives a piece as a whole 
actually more strength than the original piece, sup- 
posing that the new piece is to be formed out of 


Fig. 69. 

bf the end of each piece being cut longitudinally in 
the direction of the centre of the two pieces; so 
that when laid together they are flush” with the 
general surface. The joint is called generally a 
** half-lap ” one. The two pieces are secured to- 



gether by iron bolts and nuts, as at c, c, c ; dd, cV c' in 
the lower diagram showing the bolt holes in the lower 
piece h'b\ corresponding ones being bored in the upper 
piece a'a'. The term fishing joint ” is also applied 


Fig. 67. to the method of joining two timbers as illustrated in 

the two pieces of a broken spar, for example, fig. 68 — the ends being simply squeezed up, and theie 
If a and 6, fig. 12, represent the two halves or being no lapping or laying of one "piece or part of 
pieces into which the spar has been broken, each a piece upon another, which is the distinguishing 



Fig. 68. 

half or part is cut up longitudinally in the direction 
of the dotted line — thus giving four pieces, two short, 
out of the piece a, and two of them long, as got out 


feature of all “scarf” joints. The pieces butt at 
their ends with even joint, as c, and the two are 
held together by “fishing plates” — one, as cf c?, at 
the upper side, the other, as ^ p, in the lower side 
of the two beams. The “ fishing plates ” are some- 
times partly sunk into the beams, as shown at a in fig. 
69 — or formed at end, as at g, and that to the right 
are part sections. In place of bolts and nuts, as at 
c c, fig. 70, hoops of wrought iron as in cross section at 
fig- 69, hnd part side elevation at e e,//, shrunk 
on shows the complete fishing plate. Iron fishing 


of the piece 6. The pieces are then placed as 
in the diagram in fig, 67 ; so as to “ break 
joint,” the joint o of the junction of the short 
piece c g, and the long one, h h, butting against 
the solid part of the lower long piece e e. In like 
manner the joint of the short piece d b, and long 



e e, butts against the solid part of the upper longer 
piece h h. Such is the effect of this simple, yet 
thoroughly scientific — ^in a constructive sense of 
the term — method of jointing the piece of a 
broken part, that the spliced or half arrange- 
ment, as in the lower design of fig. 66, is actually 
stronger than the original unbroken piece. In 
ship carpentry the pieces thus “ rigged out ” are 

held together by strong tarred rope ; but in carpentry, plates are the best, and being thin, are often sunk into 
as applied to general work, bolts and nuts, or strips the faces of the two beams, so that the surfaces are 
of hoop iron bond or rings of wrought iron, are (0at, the only projecting parts being the bolt heads 
slipped in while hot, and shrunk by becoming cool, and the nuts. 
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The Principles and Peactioe op, and the 
Materials he employs in, his Work. 


CHAPTER XII. 

Wb have said at end of last chapter that projecting 
parts in moulded work give play of light and shade. 
And this is the characteristic of a well-designed eleva- 
tion^ and distinguishes it from one having Uttle or no 
projection, which is bald and tame, however lavish and 
ornate the ornament with which the parts individually 
are treated. Pig. 72 illustrates a ‘‘ cornice block,” 
a a, moulded in face, built into the wall d d. Part 
of the design of the “ comice ” is in this case formed 
by the front part, 6, of the ** gutter ” wood-work e c/, 


one-sixth full size— of which fig. 78 is half of the 
elevation, and fig. 79 of the base of same, these two 
being drawn to a scale of one inch to the foot, or 
one-twelfth full size. Fig. 80 shows the mouldings 
for the cap of another chimney — scale two inches to 
the foot- Fig. 81 is section of window head, and 
fig. 82 part elevation of the same. 

Arch Moulding!. 

The arches of Domestic Gk)thic ” work, as the 
arched heads of doorways, are all more or less moulded 
in the inside lines ; the mouldings run up each side of 
the door opening, and are continued round the inner 
concave, or “6oflB.t” of the arch. A section taken 
through a line, say at right angles to the length of 
the side of opening, at any point of the arch in a line 



h h being the rafters resting on the *‘wall plate,” 
g i the “ tilting piece ” to raise up the first of slates, 
; j. The ceiling joist ” in the interior of the wall 
is atllfk the wood-brick, m m the cornice ” in the 
interior of the room — scale same as for fig. 71. 
Fig. 73 is section and fig. 74 part elevation of the 
“ comice ” of a ** bay ” window — ^in the ‘‘ Domestic 
Gk>thic ” style — drawn to a scale of six inches to the 
foot, or half size. Fig. 76 is section, and fig. 76 part 
elevation, of another cornice— scale same as last two 
figures. 

Chimney Cap and Window Read Mouldings. 

Fig. 77 is section of mouldings at the upper part or 
** cap” of a chimney in the “ Domestic Qothic ” style 
— drawn to a scale of two inches to the foot, or 


vertical to the centre from which the curve of the 
arch is struck or described, will give the “ contour ” 
or outline of the mouldings. Thus, fig. 83 represents 
the outline of mouldings as shown in section of the 
mouldings of an arched doorway. The drawing 
shows only one-half of the mouldings on one side of 
the centre line dotted, the other half being simply a 
repeat of that shown. The lower part is that which 
is seen nearest the spectator in looking up to the arch 
of the' doorway overhead ; the mouldings gradually 
widening out from this central point to the sides. 
In looking at the sides, or jambs, of the arched door * 
uay, the mouldings are seen as shown in the elevation 
in' fig. 84. Figs. 83 and 84 are drawn to a scale of 
one-half full size. 


von. in. 
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Fbutouplisb asd Fbaotioal Bbtailb of hib Wobk. 

CHAPTER IX. 

Thb “ reveal ” (described at end of last chapter, and 
represented in fig. 2, Plate X.) in ordinary work 
is only made half a brick thick or deep, from itoj; 
but in superior work it is much deeper. The 
door or window frame, as k, goes into the part I m. 
In another class of reveal ” work the inner faee at 
the point h is splayed ” or bevelled off, as at n, and 
the reveal is then called a ‘‘splayed reveal” or 
“ splayed jamb,” a “ square jamb ” or “ square reveal,” 
being os At o p q. In fig. 9 we give in diagram 
A the first course of part of a brick wall — one brick 
thick — showing a square reveal, and in b the second 
course of same. All the succeeding courses, to what- 
ever height the wall may be carried, are just repetitions 
of these two first courses. In diagram a, a is the 
offset or reveal, which is square, ft 6 is a three- 



jst 
Fig. 9. 


quarter brick, and o a “bat” (see preceding paragraph); 
d d the course made up of “ headers.” In diagram b 
the course is made up of “ stretchers,” a' being the 
“ square reveal ” corresponding to a, / being a half- 
brick put in to form the shoulder of the “ reveal.” 
The drawing in fig. 9 shows the reveal, as a' a, as 
a crossed or hatched solid : this should be a dotted 
space, as in next fig., not shaded. In fig. 10 we give in A 
first course of a “ splayed reveal ” for a wall a brick and 
a half in thickness, in which the reveal is formed by a 
half -brick, a splayed closer, and a splayed bat. In the 
second course at foot of drawing the reveal is formed 
by a half-closer and a splayed or rubbed half-brick, 
lie application of a square reveal to a wall in which 
recesses are formed in its face at intervals, is shown 
in fig. 11 at A, in which a a is the wall, c 6 o the recess, 
with reveal at c, ed the centre line of recess, corre- 
iqK)nding to /p in b, which is the opposite half of 
second course, a splayed brick being used at d', and a 
half^oloser at e\ 


Special Xethods of adding to or leonring the ** Bond of the 
Brioki/*— Timber.— Bonding— Chain Bond.— Wood Bricks. 

“ Bond ” in brickwork, in addition to being obtained 
by one disposition of the bricks in relation to each 
other, as we have explained generally in the illustra- 
tion already given, and which will be more fully and 
specially illustrated in giving, as we shall presently 
do, the various thicknesses of walls, both in solid and 




Fig. ]0, 


in hollow brickwork, is also secured, or at least aided, 
fey the use of what is called “bond timber” and 
“ bond hoop iron.” Bonding with timber is simply 






the placing of jiarrow battens or pieces of wood of 
greater or leas length on the upper face of the < 
and building or covering this in with 
courses. The wood may either be wholly 
the interior of, or by the brickwork ; or it may be 
exposed at one side of the wall i this is generally the 
interior side, and this is done in order that the wood 
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bond may b© made available to nail or secure to the 
wall the interior fixings of joinery work, such as 
skirting boards, dados, or the like. If the bond 
timber is carried round the room, it is called ** chain- 
bonding,” and there are usually several tiers, so to call 
them, of this — such as one tier or chain at a height 
from the floor sufliciently high to admit of the skirt- 
ing board being secured to it (this being called the 

skirting bond ”). If a deep dado be used in place 
of the shallow skirting board, another chain of bond 
is placed above, to which the upper port of the dado 
is secured. Another chain is placed near the ceiling, 
and is called the wall or plate bond.” 

In fig. 12, a a shows a chain bonding of timber in 
front view or in elevation, a, as laid or let into the 
wall hb. The surface of a a as generally flush or 
coincident with the surface of the wall as shown at 
cross section at c, d d being face of wall. 

To fix or secure the various parts of door and 


immunity from rust. The hoop iron is usually laid 
in the centre of the wall, as at a a, fig. 13. In order 
to insure a still more perfect bond or union between 
the surface of the hoop iron and the brickwork and 
mortar, holes are sometimes punched at intervals 
along the surface of the iron, as at 6 or c, fig. ld« 
These are all punched from the upper or the same 
side, and the rough protuberances, the result of the 
operation, as d^ are left or allowed to remain on the 
under side. These pi'otuberances serve as keys or 
holdfasts, taking into the mortar or the joints of 
the brickwork. A very excellent kind of hoop iron 
bond is that known as Tyermann’s, and is now largely 
used. In this, diagonal cuts, as at e e\ fig. 13, are 
made on each side or edge of the hoop iron ; and as 
these are made, they are lifted up or raised a little, 
as at //; forming catches corresponding to the pro- 
tuberances ddt which take hold of the mortar and 
bricks, and thus secure a veay firm bond. 
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window linings, it is necessary to have pieces of wood 
built into the walls, in order that these shall bond 
with the ordinary bricks ; they are made of the same 
dimensions, and are called “ wood bricks ” ; they are 
usually inserted in the “ jambs ” or reveals ” of the 
window or door openings, as at e, fig. 12, / being 
front or side view. They do not go through the 
whole thickness of the wall, but stop short of the 
exterior surface of it, as at g. 

<*Hoop Iron'’ Bonding. 

Timber being very apt to decay, and thus to pro- 
duce unequal settlement in the wall into which they 
may be built, it is now in first-class work discarded in 
the case of chain bond. Wood bric!^ still require 
to be used in order to nail the wood or joinery linings 
to. But iron in the form of what is known in the 
trade as hoop iron ” is used in place of wood bond. 
This iron is in narrow strips, about an inch in breadth,^ 
and is generally coated with a painting of tar before 
it is built into the wall, this being done to secure 


of 
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Formation of Walls of Different Thioknesies— One-Briok 
Wall— Briok>and-a-Half Wall— Two-Briok Wall, etc., etc. 

Having now gone into what may be called the 
elementaiy details of brickwork, we are now pre- 
pared to give illustrations of ‘‘Bond” as practically 
carried out in the construction of walls executed of 
different thicknesses and of different classes of bond. 
Of these we shall take up the Flemish bond ” first, 
of the principle of which we have given a diagram 
in fig. 2 anU, 

Brick walls for exterior work usually range in 
thickness from one up to three bricks; a one-brick 
wall being generally known or classed as “ nine-inch 
work and this is very extensively adopted for the 
walls of cottages and inferior houses, although it is 
in this damp climate of ours too thin for dwelling- 
houses, unless the bricks are so disposed as to form 
a hollow, or cavity, which increases the thickness to 
“ deven inches,” and this without involving the 
elpenditure of additional bricks. Walls of a brick and 
a half thick are usually termed fourteen-inch work.*" 
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Tbs Gsksbax. FbikoipiiBB akd tbx Detaxui of hib Wobk. 
CHAPTER XI. 

The section of part fg looking at its end, in direc- 
tion of arrow 2, is shown at lmn\ the section of 
a moulding is in this at In lower diagram to 
the right is given a view of under side of rail fg. 
In fig. 4, Plate XXV., a a is front view of part of style 
with moulding worked on edge, at 66; part of rail 
is at 0* dd. The angular face of part cut out in 
style effg corresponds with angular end hij of rail, 
but a tenon ilk left on, or is inserted in end of piece 
d d d. The end view of the style a a, looking at it 
in the direction opposite to that of the arrow 3, is 
shown in the middle diagram to the right with 
corresponding letters accented, showing correspond- 
ing parts. The line i*' H* corresponds to the line at 
point in rail d ddd. The plan of under side of rail 
d dd is shown in diagram immediately below k%V 
being edge view of tenon k 1. The finished joint is 
shown at oo, pp\ the diagram below to the left 
being cross section to the line 1 2. Enlarged elevation 

and section r of moulding 6 6, or is given in the 
two diagrams to the right at bottom of drawing. 
Another method of forming the junction is shown in 
the middle diagram at the foot of fig. 4, Plate XXV., 
the shaded part showing form of tenon with the ends 
of moulding united. 

A four-panelled door. 

In fig. 1, Plate IV, we give a drawing — to a 
scale of or 1 j inch to the foot — of a four-panelled 
interior or room door ; showing all the leading 
parts of the framework, with the exception of top 
rail, which is usually about half the breadth or 
depth of the middle or lock rail, marked 6 6 in the 
drawing. The panels are not shown, but the 
dimensions of the spaces they occupy are given. The 
panels are plain ^'square,’’ the only omamention in 
this example being a stop chamfer ” worked on the 
margin of styles and rails, as shown at pp and hh. 
In the drawing a a is the bottom rail,” 6 6 the middle, 
or usually ‘‘lock rail,” as it carries the “mortice 
lock,” the handle of which is shown at J. The “ key 
hole ” is covered by a movable part, hung or jointed 
at upper end, called the “escutcheon,” or more 
frequently in technical talk the “scutcheon” or 
“slratcheon,” shown at k. The styles are at cc, as, 
the ^tyle oo termed the “lock style,” being that 
in which the lock is mortised. The style ea is 
called the “ hanging style,” being that on which the 
door is “hinged” or “hung” to the door casing. 
The vei*ticBl pieces, or “ muntins,” which divide the 
pazmls from each other, placing them in pairs on each 
aide of the door, are shown at d d. The door framing 
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thus constructed is surrounded on both sides and at 
top by the architraves // /. 

Arekitrave of a Fonr-Panellod Boor. 

The section of architrave in relation to the door 
casing or cheek is shown in upper diagram to the left 
in fig. 2, Plate XXV. ; a a ^ing part ’’of the deor 
casing ; 6 6, the section of architrave, of which part 
elevation is shown at c o, 1, 2, 3, and 4 showing similar 
parts in section correspondingly lettered. The edge 
view of the “ lock style,” as e e in fig. 1 preceding, 
is shown at d d ; ee shows the brass plate let into 
the edge and secured by screw nails as ^own. This 
is part of the lock furniture of the door, f indicating 
position and section of the shooting or locking bolt 
of the lock, which passes into the aperture of a 
brass plate secured to the inner side or edge of the 
door casing. The bolt, which secures the door, being 
closed — not locked—;/* being the locldng bolt, is shown 
at g, this being worked by the handle j (see fig. 1, 
same Plate), of the lock. The part of the lock furniture 
attached to the door-casing opposite to the edge, as 
ddd, of the door style, is shown in the lower diagmm 
to the right. The part 3 3 in this corresponds to the 
face of the recessed or rebated part p in drawing 
above, cut in the face of the door casing nnn\ the 
door passing into and resting against the face of 
recess or rebate p. In the upper diagram to the 
right, 0 00 is the outer architrave secured to the 
door casing nnn, r part of the inner architrave. 
The part of the lock furniture secured to the door 
casing is shown at ^ ^ ; it is a brass plate let into the 
face or 3 3 of recess or rebate p. The aperture 
in this into which the bolt / of the lock passes is 
shown at v; that into which the bolt moved by 
the handle j passes, is at ; a spring w, cast on to 
the plate 1 1, being shown at w. A small pi’ojecting 
part as vd, to make the opening and closing of the 
door more easy. The two diagrams to the left at 
lower part or drawing show the elevation klm, the 
chamfered part of framing with section at k* k\ 

Sath Windows 

are of various kinds, but two are generally adopted 
now — the “ sash ” window, and the “ French ” or 
“ casement.” Sash windows are divided into two 
parts, called the upper, as a a, and lower sash, as 
6 6, fig. 1, Plate LXXXIII., or technically “sheets,” 
and are either “fixed,” “single hung,” or “double 
hung.” In the “fixed” sash, neither upper nor 
lower sash is capable of being moved vertically up 
,or down, or opened or shut. In the “ single hung” 
one s a sh or sheet — almost universally the lower — is 
capable of being lifted up; in the “double hung” 
the upper sheet, as a a, is capable of being lowered, 
the lower, 6 6, of being lift^ up. To enable this 
to be done, the sheets are suspended by ropes or 
“cords” passing over pulleys, the “cords” being 
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furnished at end with oounterbalanee weights called 
sadi weights,” — all these are connected, as will pre- 
sently be illustrated. The old-fashioned division of 
the sheets of a sash window into six small rectangular 
panes of glass is, in consequence of the improvement 
in the manufacture of this material, almost wholly 
superseded by large panes” of “plate,” or of an 
inferior quality of plate, yet strong and clear, known 
as “ British plate glass.” These forms of glass enable 
the sheets to be made of one piece only if desired ; but 
the arrangement as shown in fig. 1, Plate LXXXIII., 
is the most generally adopted, where a centml division, 
termed a meeting, or middle bar, as h h, divides the 
window into two, each sheet is further divided into 
two by a suture bar, termed an “ astragal,” or “ sash 
bar,” and in large windows, of considerable section, a 
“muUion,” as c o, fig. 1. A “French or casement 
window” is one in which the two sheets, a and b, 
fig. 2, diagram to the left, Plate CLXXX., are hung 
so as to open vertically, precisely as a folding door is 
hung, and is opened or closed. The sheets, however, 
in place of stretching from top to bottom of “ casing,” 
or of the opening or “ void ” of the window, stop 
short of the top, and close against a cross-bar stretching 
across the opening or void, as in fig. 2, to the right, 
Plate CLXXX. ; the space above this being a fixed 
sheet, divided into two “ panes ” by a central vertical 
astragal, or formed of one pane only. To keep the 
vertical joint of the two lower sheets water-tight 
when closed, the styles are rebated, and in some cases 
the rebate is provided with a groove with rounded 
bottom, the other rebate being rounded to same 
curve, tliis going into the groove when the window 
is closed. Fig. 1, Plate CLXXX., is large-scale draw- 
ing of skirting-board in fig. 1, dd, Plate LXXXIII. 

In fig. 1, Plate LXXXIII., an inside elevation — 
from interior of room — of a double-hung sash window 
is shown ; in fig. 2, Plate LII., part horizontal section 
and plan of one side of window, taken on the line 1 2 
in fig. 1, Plate LXXXIII. Fig. 4, Plate LXXXIII., 
is part vertical section at bottom of fig. 1, same plate, 
the scale to which this is drawn being one inch and 
a half to the foot. In fig. 1, Plate LXXXIII., dd 
is floor line, ee “skirting board,” e's' wall space 
between this and “window sill”//, g g the architrave, 
surrounding the opening on three sides, h h the middle 
bar, or properly speaking the upper cross-bar of 
lower sash frame. The sheets or sashes are formed 
of bars tenoned into one another in one or other of 
various ways. 

In vertical section, fig. 4, Plate LXXXIII., and 
in horizontal section in fig. 2, Plate LII., the letters 
of reference are the same, indicate the same parts ; the 
other parts, not seen in either one or the other, are as 
follows: beginning with fig. 2, Plate LII., the sash 
weights, t are enclosed in a species of box extending 


from top to bottom of window opening, of which box, 
so to call it, jj is the “ outside lining,” k h the “ back 
lining,” I the “ inside lining,” m m the “ pulley style,” 

0 the “parting slip,” and p the “ parting bead.” In 
the frame of the upper sash a a, fig. 1, Plate LXXXIIL, 
of which a is the side bar, q, fig. 2, Plate LII., is the 
pane of glass, and in frame of lower sash of which 
6' is the side bar, r is the pane. In fig. 4, 
Plate LXXXIII., the same letters of reference as in 
fiig. 2, Plate LII, indicate the same parts; but ea is 
the stone window sill, end t of which is outside, u u 
wall, V V “reveal” of window opening. Fig. 4, 
Plate CLXXX., is plan of top of lower sash 6 6 ; in 
elevation, fig 1, Plate LXXXIII., a a is the top of 
upper bar of sash frame, h h side bars, c o the finger 
“ bowls,” or lifting hooks (finger^ “ rings ” are some- 
times used), by which the sash is lifted. In fig. 4, 
Plate LXXXIII., x is position of window-blind rack 
and pulley, the window-blind roller studs being placed 
vertically above x. In fig. 2, Plate LII., the cord to 
suspend the sash weight i is placed in a groove — 
at black dot — in the side bar 6 as at o. Fig. 5, 
Plate LII., is elevation to same scale as fig. 4, 
Plate LXXXIII. is drawn— Ij in. = 1 ft.— of the 
lower comer in fig. 1, Plate LXXXIII. 

In fig. 6, Plate CLXXX., diagram A, is given part 
elevation of the sash bar a a, and top elevation, 5, of 
the sash frame, the inner edges of which, as at co, 
being moulded to correspond with part a of astragal 
in diagram b, which is a cross section in line 3 4 in 
fig. 1, Plate LXXXIII., diagram o being part of front 
elevation, and diagram n side elevation of same; in 
diagram b, 56 is the glass. In fig. 1,. Plate LII., a 
method of securing skirting-board, 6 e, is shown ; this 
is tenoned into floor joist at h, and the skirting-board 
is secured to “ wood grounds ” or wood bricks at a' a\ d 
being the plaster, the lower edge of which passes into a 
groove, not shown in the drawing, in the upper edge, 
of ground, a\ 

French or CaieioeiLt Window. 

In fig. 1, Plate CXVI., we give part horizontal 
section in centre of the casement or French window, 
taken on the line 2 8 in the diagram to the right 
of fig. 2, Plate CLXXX., and in fig. 3, diagram b 
Plate LII., a part vertical section, taken on the line 

1 2, fig. 1, Plate CXVI. The vertical side bars of 
this casement window, fig. 2, Plate CLXXX., diagram 
to the right, are seen at a 5 in fig. 1, Plate CXVI., 
and are rebated, as at o, to make a water-tight joint 
from top to bottom of window. To prevent the water 
from being blown into the horizontal joint, where the 
bar i, fig. 3, Plate LII,, is over the sill A A, a “ weather 
board,” d, is fixed to the sash, this being throated at 
the lower side — that is, grooved horizontally from end 
tgffcind to prevent the drip from passing from foot of 
board to the joint between the sash bars. 



THE IRON MAKER. 


185 


THE IBOIT 

The DktwMls of his Wobk and the Pbinoiples of its 
Pbocessbs. 

OnAPTER V. 

At the end of last chapter we stated that at one 
period in the history of the iron trade, when charcoal 
was used in the manufacture, the timber districts 
were actually its seats. And such districts were 
almost wholly confined to counties south of London 
— Sussex, Surrey, Kent — Gloucestershire, and part 
of Worcestershire — and of these Sussex was the 
chief. Now the localities of the trade are wholly 
west and north of the metropolis, and of those 
quarters the noi*th has by far the pre-eminence. 
The inciting cause of this remarkable change of 
locale was, as we have shown, the introduction of 
the Dudley coal-smelting process. Hence we find 
the busy seats of the iron trade in those parts of 
the country in which coal and iron ores lie in that 
close proximity which we have shown and believe to 
have been providentially designed — not the mere 
outcomes of chance, as some sjxy, unless, keeping to 
this word, we say, with one of the grandest of our 
poets, tliat that chance the good Qed did guide’* — to be 
one of the primary sources of our powers for the pro- 
duction of materials so essential to the promotion of 
the welfare and to the progress of civilisation of the 
peoples of the world. Beginning with the counties 
west of England, the Principality of Wales, going on 
to the north of England, and ending with Scotland, 
we find the locale of what are really the iron 
and coal districts of the kingdom to be as follows; 
Gloucestershire and Shropshire, North and South 
Wales, Wainvickshire, Northumberland, Durham and 
Cleveland Districts, Yorkshire, Lincolnshire, Cum- 
berland, and Scotland. Some of these districts are 
old, as what is called pre-eminently the ** Black 
Country,” stretching between Wolverhampton and 
Birmingham, StaflTordshire, Gloucestershire, certain 
parts of Wales, Yorkshire, and Derbyshire; and 
some are compamtively new, having been opened 
up but of recent years, such as the Cleveland 
District, in the north-east of Yorkshire, of which 
Middlesborough may be taken as the seat or capi- 
tal, — the ores being very abundant, but of quality 
fitted only^for irons of the inferior classes when made 
on the old system; but which offer quite a new 
prospect when worked on the “basic” process of 
Bessemer steel making (see “The Steel Maker”). 
Under this class of new districts comes secondly the 
district of TJlverstone, of which Barrow may be 
accepted as the seat. The ore in this district is the 
celebrated red hromatite. In Scotland, T-anarkshire 
and Ayrshire the chief localities — indeed, Lanark- 
shire may practically be said to be the locality of the 


Scottish iron trade, of which Glasgow is the capital. 
For long Scotland was dependent — almost wholly 
dependent — for its supply of cast iron upon the North 
American colonies. The first attempt to introduce 
systematic iron working into Scotland was a success- 
ful one, for it supplied for a long period nearly, if 
not wholly, all Scotland with cast-iron goods. It was 
mode by Dr. Roebuck, of Sheffield — a name which 
will always be associated with that of the celebrated 
Watt — who with other gentlemen established a joint 
stock company which opened about 1760 works soon 
and widely known as the “ Carron Iron Works,” taking 
the name from that of a small river in the county 
of Stirling, and not a great distance from Falkirk. 
The ore principally used there was obtained from 
Ijancashire and Cumberland, supplemented by such 
limited supplies as were then and for a long time 
obtained in the more or less immediate neighbourhood. 
But the discovery of the “Black Band seam” by 
Robert Mushet, in 1801, which turned out productive 
beyond anticipation, and which from its peculiar 
constituents rendered the smelting a comparatively 
easy and economical process, enabled the Scotch iron 
masters to enter the list of competitors with English 
makers as producers of pig iron, abundant in quantity, 
fairly good in quality, compared with like iron in 
England, and produced at so moderate a price that 
they became formidable competitors with the iron 
masters of the South, and now hold a high rank 
as large producers of “pig.” The manufacture of 
this class of iron has in the past practically consti- 
tuted the iron trade of Scotland. It may still, with 
certain remarkable modifications, such as the ex- 
tensive use of Cleveland ore, be said to do so; the 
making of wrought iron, still less those new products, 
with their new processes, the introduction of which 
into the iron trade of England and the Continent has 
constituted the great feature of the history of the 
iron manufacture, having had comparatively little 
place in the districts north of the Tweed till recently. 
With the prospect, however, of some process for 
getting rid of the “ debasing ” constituents of iron 
ores — and those of Scotland are by no means remark- 
able for the absence of those — such as the de-phos- 
phorising and de-sulphurising system above alluded 
to, now so widely known as the Thomas Gilchrist, 
there is also a prospect of the Scottish iron masters 
turning theii* attention to other branches of the trade 
than that mainly or chiefly of pig iron. The Steel 
Dompany of Scotland, of which Mr. J. Riley is the 
able inanager (a name well known in the iron and 
steel trade), is a good example of what may yet be 
done in this direction. 

As to Ireland with regard to iron, the same remark 
pregnant with the gravest issues to the Irish people, 
full of most suggestive meaning in far more than one 
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direction to the people as a whole of Great Britain 
can be made which haa not been seldom made in 
legard to other departments of industry: resources 
abundant; resources not availed of. Although we by 
no means admit that it is foreign either to the scope 
or scheme of our work — ^for the subject is of vital 
importance to the interests of the engineering and 
the mechanical world — still it is idle here to inquire 
why the resources of the iron trade, or, to put it in 
another form, why the materials so abundant and so 
valuable to the iron master are not availed of. One 
thing at all events is very certain : it is as little for 
lack of opportunities as it is for lack of inducements 
to create a trade and make money that these resources 
are not availed of. Opportunities and inducements 
exist in Ireland not a whit less powerful than in 
England and Scotland, and yet they are permitted 
day by day to pass away, to die out unheeded. 
Individuals there are, not a few, who would be willing, 
are indeed now willing, to change all this decadence and 
decay — for Ii-eland long ago had her numerous, if, like 
those in England at a corresponding period, they were 
small iron works — and create a bright future by 
creating a wide industrial sphere of work which has 
never yet been realised. Work which would bring 
other sources of work and labour with it ; for it has 
ever been a characteristic of progress in the arts and 
industries, that the necessities of a new or improved 
branch of work brought with them, or created, other 
branches to supply other necessities, each in one sense 
independent of the other, yet all connected or bound 
together, as links form a united chain, by the tie of a 
common interest. 

We are now piepared to enter into details connected 
with the making of iron in the form of what is known 
popularly as a working metal, used in construction 
of various kinds. This metal, or what are in general 
tmde known as the irons of commerce,’* exists for 
working purposes in two forms — cast iron and 
malleable. So far as the making of iron or the 
labour of the ** iron maker ” is concerned, cast iron is 
known under one designation or technical trade name 
— that is, ‘‘pig iron.” As regards the other iron of 
commerce, which we have named above, the other 
and indeed the more generally used name is “wrought 
iron.” The distinctive characteristics of these two 
forms of working irons, the origin and derivation of 
their names, will hereafter be noticed in proper place. 

Iron, to use the generic term, is produced from a 
mineral product found, as a rule, imbedded more or 
less deeply in the soil from which it is dug or mined 
in the usual fashion met ;with in obtaining sub- 
terraneous products. This mineral is known popularly 
as an “iron ore.” Iron, as an element or constituent 
;of the globe, is present in such abundance, and is so 


frequently present, that it would scarcely be exaggera- 
tion to say that it is, like air, everywhere present. 
We carry iron with us in our own bodies, for it is found 
to be present in the blood. Of its vast services to 
man we need say nothing here ; they are to be met 
with everywhere and always. 

Iron does not exist in its pure state as a metal. 
Metallio iron, as in its pure condition it is otherwise 
called, is never found in the earth, it being always 
accompanied by other substances, which will be 
noticed presently, and which are, in the technical 
language of metallurgy, said to be “ debasing ” con- 
stituents — that is, they not only lessen the proportion 
or percentage of the metal or metallic iron which the 
ores contain, but tend more or less, in a variety of 
ways hereafter to be described, to deteriorate the 
value of the workable metal obtained from them. 
The percentage of metallic iron which ores contain 
varies very much between a certain range — say from 
50 per cent, or a half, and lower, up to 60. Bo also do 
the constituents themselves, other than the metallic 
iron, according to the formation in which they are 
found — within a range beginning with very poor up 
to rich ores. The nearest approach to pure metallic 
iron met with on the earth — but not m it — is what is 
called meteoric iron ; in other words the “ meteoric 
stones,” so called — aerolites — or solid blocks which are 
projected from the heavens, and by the velocity with 
which they descend are often deeply imbedded in the 
soil. It ia quite possible that the rare masses of 
what are said to be native or natural metallic iron 
have been meteoric blocks so imbedded, which have 
been dug up. It seems to be pretty well established 
that such a substance or material as pure metallic 
iron is not present in the earth, or at least within 
the limits inta which man can dig or mine. The 
percentage of metallic iron in these meteoric stones 
is very high, varying according to different analyses 
from 90 to 98J per cent., which latter is within a 
trifle of pure iron. These meteoric stones, conse- 
quently, can contain very little of other constituents : 
there is, in fact, but another present, and that is 
the metal called nickel — so that practically they are 
masses of metal, bringing with them from the 
“mysterious regions in the sky,” in which at one 
time they circulated, none of the debasing elements 
so often met with on this “vile earth of ours,” as 
some misanthrope, who had no eye for its marvellouB 
and many beauties, has so deigned or dared to call it. 

Unlike these foreign or heavenly bodies, the iron or 
metallic ores found in earth are always associated with 
various constituents of the globe’s body — such as the 
commonly-met-with and welbknown substances of 
lime, magnesia, sulphur, and water ; and others less 
such as phoqphorus and manganese. 
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THE STEEL yATTRP. 

Th» Details of Hib Work— The Peinoxples of its 
Pbooesses— The Qualities and Cuabacteeistics of 
ITS Pbouucts. 

CHAPTER YIL 

At the end of the preceding chapter, in describing 
the process of reduction of the oi^es in the production 
of steel, we stated that at a certain point the supply 
of gas from the producer is cut wholly off. This at the 
critical ” point of the process prevents the access of 
sulphurous acid gas to the ore, which would otherwise 
ab^rb sulphur from it with all its known evil effects. 
The heat in the drum now rises with rapidity, and the 
earthy constituents of the ore are fused, and coinci- 
dent with the continued reducing action* going on. 
Some ninety minutes after starting this point is reached, 
and when it is so, the ** charge ” is thrown in, composed 
of a mass of almost pure metallic iron, together with 
a liquid or floating mass of cinder,'* composed of 
the earthy constituents and for^gn substances of the 
charge. The “ cinder,** or slag as it may otherwise 
be termed, is then drawn almost wholly off, the rota- 
tion of the drum being stopped for this purpose with 
the discharging door at its lowest point. This being 
done, the discharging door is closed and the drum 
again put in motion, but at a higher speed than before ; 
and at this stage, in order to facilitate the agglome- 
ration of the metallic iron, a rabble’* or puddling bar 
is introduced, and worked as long and ns energetic- 
ally as desired, forming the mass into balls or blooms. 
These, by tongs hung from pulleys running on over- 
head rails, are taken out in rapid succession from the 
di*um and passed on to squeezer rolls, by the action of 
which the adhering cinder is expelled. Thus treated, 
the balls are taken at once to the bath ** of the open- 
hearth steel converting furnace, known as the Siemens- 
Martin, shortly to be described in a succeeding chap- 
ter. The great purity of the metal, says Dr. Siemens, 
thus reduced from the ore, and the rapid and com- 
paratively inexpensive nature of the reducing process, 
are conditions highly favourable to the production of 
steel of high quality by this method at Reasonable 
cost. 

Sir William Siemens, as we are led to understand, 
was at the period of his lamented death — a loss to 
practical science not easy to estimate— engaged in 
his efforts to produce steel direct from the ore, and 
the method and apparatus just described is compe- 
tent to produce, and, as we have seen from last 
paragraph, has produced it. But from the last sen- 
tence it will be perceived that, at the stage up to 
which we have brought it, the main object it is de- 
signed to serve is rather as the producer of an iron 
which, from its extreme purity, is well fitted to 
make in time a steel of high quality by a succeeding 


process, than the making of steel direct from the 
ore in the rotating vessel. The purpose which the 
process is designed now to seiwe occupies in fact 
tbo same position to the final steel producer used by 
Dr. Siemens — namely, the open hearth,** heated by 
the gas regenerative furnace — as the use of malleable 
iron of good, or of the highest (as Swedish Bar) known 
quality, bears to the “ cementation,” ordinary ** or, 
“ Sheffield ’* process of steel making, to be described in 
a future chapter. 

We now come to describe the ordinary methods of 
making steel from manufactured iron — that is, produced 
from the ore by the blast-furnace, as cast iron — this 
again changed by the reverberatory furnace and by the 
puddling process into wrought or malleable iron, which 
final product of the iron manufacture is taken by the 
steel maker to form his steel out of (see the section 
entitled “The Iron Maker*’). In preceding para- 
graphs we have called the ordinary method of making 
steel a “ roundabout ** process : the reason for this wo 
shall presently see; meanwhile we perceive from the 
above that if it be a straightforward one, it is one made 
up of several stages, beginning with the ore and end- 
ing with the steel. This process now to be described, 
although in one sense an indirect and what may be 
called an unscientific one — inasmuch as we first make 
pig iron with a certain amount of carbon in it, take this 
carbon out of it in changing it into wrought or malle- 
able iron, and then by passing it through the steel 
making process give this carbon or a part of it back 
again — is nevertheless, with all its defects, the process 
by which we obtain the hard yet tough metal from 
which we make our finest steel goods, our sharpest 
and keenest and yet most durable of cutting tools and 
instruments. 

If the reader has carefully studied the matter given 
in the paper entitled “The Iron Maker” — which, 
properly, should bo taken up before the study of the 
present paper — he will know how such varied qualities 
of iron are obtained, and how, more or less, all 
varieties of iron have constituents present which tend 
in proportion to deteriorate their value. Roundly 
speaking, the comparative purity in value — ^for all our 
ores are more or less debased — of the ore decides the 
value of the iron produced from them ; although the 
style or system of working has an influence, good or 
bad as the case may be, upon the quality of the iron 
produced. 

It is scarcely, therefore, necessary to say tliat, as 
the metal required is a higher product than the iron 
from which it is made, the best iron possible is 
selected for the purpose#of making steel. We have 
seen in “The Iron Maker’* that of the different 
•varieties of iron in the market, the “ Swedish ” has 
long stood, as it still stands, at the head of all our 
commercial irons. This high value is obtained, as 
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the reader of ** The Iron Maker ” will have seen, by 
using the finest ores which are found in Sweden, 
reducing them, not by coal or coke, but by charcoal, 
which is the fuel giving the finest results; and in 
giving the greatest attention to all the details of the 
reducing or smelting, and to the succeeding processes 
by wliich the wrought iron is produced. 

Bars of this fine Swedish charcoal iron are selected, 
cut into the proper lengths, and put into troughs or 
chests made of refractory materials calculated to 
resist the high temperature produced in the peculiar 
furnace employed known as the reverberatory.” Those 
chests, boxes, or troughs — the first name being that 
most frequently employed — are usually of a length 
of fifteen feet, having a depth of some two-and-a-half 
to three feet, and a width about the same. Before 
proceeding to fill the chests with the bars to be 
“converted” or made into steel, a layer of coarsely 
ground wood charcoal — that made from the hard 
woods being preferred — some two-and-a-half inches 
in depth is placed on the bottom. On tliis, as a 
foundation, the first set of the wrought-ii’on bars 
are placed, and so that a clear space of some half 
to three-quarters of an inch is left between them. 
On the first layer of bars being laid or set in the 
chests, they Ave covered with charcoal to a depth of 
an inch or thereabouts; the charcoal being softened 
so os to fall into and fill up the spaces left between 
the bars, while covering them to the depth named. 
The chests are thus filled with alternate layers of 
charcoal and of wrought-iron bars, until the top 
is reached to within about six inches. This final 
space is filled up with a species of luting material, 
made up of spent charcoal — that is, the charcoal 
resulting from a preceding charge, and waste from 
the grinders* wheels — along with water, to admit of 
its being spread over. Finally, the chests are covered 
with clay or dampened sand, this being done to keep 
the air from contact with the layei-s of charcoal and 
iron in the chests. The outlet doors and openings of 
the furnace are then closed, the fuel being first laid 
in place and then set fire to. Burning gradually up, 
the heat in the course of a few days arrives at the 
proper temperature required; it is then maintained 
at this for a few days longer. The length of time to 
which the chests and their contents are so kept 
depends wholly upon the purposes for which the steel 
is required, or the degree of carbonisation of the iron. 
To test the progress of the process, the bars are from 
time to time taken out of the chests ; and, when the 
pi*oper stage is reached, the fire is heaped up with 
small coal and then allowed to die out. The weight 
of steel in one furnace depends upon circumstances, 
varying from fifteen tons to twice this weight. The 
time occupied by the process may be taken on the 


average at three weeks. The length of the period 
of carbonisation of the wrought iron put into the 
chests, the weight of fuel required, and the consequent 
labour required from the commencement to the 
completion of the process, adds so very materially 
to the original cost of the iron employed, that the 
reader may well understand how that of the final 
product of steel is so high. 

We have, in the process of steel making on this the 
“ cementation *’ or roundabout system, from the cast 
or pig-iron, a gradual progress in change of material, 
and a gradual rise in price. We begin with the 
crude produce of the blast furnace, the cast or pig 
iron, with its low price per ton ; we make this into 
a product of a higher class in constructive value 
by the reverbatory furnace, or by almost always 
the last-named process — puddling; and the wrought 
or malleable iron obtained brings in the market 
a much higher price than the cast-iron; and lastly, 
we take this wrought iron, and by the cementation 
process just described we obtain the iron changed into 
steel, which brings the highest price of all the forms 
which the metallic iron of the ore is made to assume 
by the art and the skill of man. The reader will 
understand how the old trade of steel making seemed 
about to be revolutionised, if not done wholly away 
with, giving the old steel makers a new outlet for 
a new form of labour, when the Bessemer process 
burst upon the world ; or rather, we should say, how 
after going through the almost inevitable stages of 
obloquy, reproach, doubting, and sneering, and meet- 
ing with the usual difiicultjes attendant upon new 
processes, it showed itself capable of doing work 
in its own way, and that in a style as brilliant for 
its success as it was startling in its novelty. 

Thus far we have traced the progress of the 
“cementation** process of steel making. After the 
furnace has cooled down — which takes about a week 
to complete — the bars are taken out. Their surface 
appears to be covered over with “ blisters ** ; hence 
the name “ blistered steel,** given to the product of 
the cementation process. Those surface blisters are 
irregularly placed over the surface of each bar, and 
as a rule cover them but partially. The complete 
change effected in the original wrought iron put 
into the chests by the cementation process, as now 
described, is seen when a bar is broken across. This 
breakage, or, as it is technically called, transverse 
fracture, is done with ease as compared with the 
force required to effect a like fracture in the wrought 
iron. This is so constituted that its chief characteristio 
is the fibrous or thread-like condition of its molecules ; 
those so tenacious that the bar is divided more by 
rupture than by breakage-fusing the terms in their 
]||^ular acceptation. 
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THE DOXBSTIC HOUSE 0£ HOHE PIAHNEE 
OB BESIOHEB. 

Thb Wobk or THE Young abchiteot ob Buildbb in thb 
Designing of Houses fob Town and Countby. 

CHAPTER XT, 

At end of last chapter we referred to the Paris plan 
of so arranging the “ flat system as that the whole 
flats or stories or separate houses are under the care 
of a general superintendent, who goes by the name of 
the concierge. He or she lives in a very small crib, as 
some one would call it, like the “ cobbler’s stall ” im- 
mortalised by the celebrated Matthews the comedian, 
which served him for parlour, kitchen, and (hall) — 
everything ” as his reading had it. This small apart- 
ment is at the entrance, so that every one wishing 


house ” system has held so long and undisturbed a 
reign here, and every one is so accustomed to its inde- 
pendent comforts, that it will take a long time before 
many can be prevailed upon to initiate living in the 
“one -floor house.” A course of education will have 
to be gone through first, and the difficulty is so great 
in beginning the lessons, so to say, that it is doubtful 
if it will be begun at all, seeing that even the most 
sanguine of house-building speculators will scarcely 
venture to ei'ect houses on any plan, however good it 
may be said to be by its advocates, if they ai‘e not 
likely to be tenanted and paid for. Nor is it the 
least unfortunate circumstance connected with the 
new movement — if such it can be called — that those 
experiments made in connection with it in the Metro- 
polis on the Westminster property and elsewhei'e 



Fig. 8. 


either ingress or egiess must gain it by attracting 
the attention of the concierge, who thus keeps up a 
surveillance of all comers and goers, often preventing 
the entrance of suspicious and more than suspicious 
characters. It is the duty also of the concierge to 
see that the entrance and the stairs leading to the 
horizontal houses, so to call them, are kept clean and 
well ventilated ; and it is pleasant to note the differ- 
ence in these respects between these parts of the 
building on the Continent and the corresponding 
places in the “ flat ” system of some buildings in this 
country. ^ 

Great, however, as are the advantages of the “ flat,’ 
or “ horizontal,” or “ one-floor house ” system this 
latter name, which we here give it for the first time, 
being perhaps the most distinctive and suggestive of 
its features — it will, we fear, be long before it is much 
availed of in England. The separate or “ detached 


have not been altogether successful,— which, however, 
need scarcely be matter of surprise on taking all 
things into account. 

Suggestive Plans of Street Houses on the Scottish or “ Flat” 

• System. 

We now come to describe the street house on the 
Scottish “flat” or “ one-floor house ” system, illustrated 
in figs. 8 and 11, fig. 8 being ground plan and fig. 11 
front elevation, and which will show the English reader 
its peculiarities. The anangement of the apart- 
ments is essentially the same as that adopted in the 
north, save that we have so planned it as to give to 
the house a larger number of conveniences, such as 
pantries and small bed .and linen closets, than is 
usually given in Scottish houses of the kind ; although 
it is only light to say that of late years, greater 
attention having been paid to planning, houses more 
recently erected in some districts give so many 
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conveniences of this kind as to leave but little of 
anything to be desired. As a rule the ** flats^' — each 
separate story being called a flat, corresponding to the 
English floor — are precisely the same, with the exception 
that in some (and this according to the modes adopted 
to give entrance) the upper flat of all may have the 
space or part of the space of the lobby given to one of 
the rooms ; thus, to the topmost flat of all the space 
occupied by the central passage or lobby a a in 
fig. 8 may be given to the extent of one-half of its 
breadth, the thickness of the partition to form a 
closet or wardrobe closet to the bedroom A A and 
to the corresponding room in the house occupying 
the space B B to the left. This may be done because 
the staircase may be lighted by means of a sky- 
light in the roof ; but it is obvious that the lobby 
space a a in fig. 8 cannot be utilised in the flats’" 
between the ‘Aground flat” floor and the **top” or 
uppermost “flat,” inasmuch as the lobby and staircase 
have to bo lighted from the window, os A a in fig. 11, 



“ principal bed closet ” at jt) ; ti pantry ” or “ larder ” p 
0 “water closet” at entrance door; and q “china 
closet." 

Bemarks on lomo Befooti of the Boottisb or Flat” Byitom. 
of Street Koniee. 

The arrangement of apartments here described ia 
the same in all the flats or floors or stories, no matter 
how numerous they may be. The top flat or upper 
story may be modified in the way we have above in- 
dicated, by allotting the landing space as a closet to a 
front bedroom. And the lobby, as e e, fig. 8, may be 
lighted fully by a skylight. 

The great defect of the Scotch “flat” system, aa 
generally carried out, is the want of means for lighting 
the interior lobby or entrance hall, this being almost 
invariably placed in a central position, and only dimly 
lighted by a fanlight from the front door, opening into 



which window is at the outside end of the lobby above 
the street doorway, at a a, fig. 8. In fig. 8, which is 
ground plan, a a is the “ entrance lobby ” or “ passage "" 
loading directly from the street, one or two steps 
leading from the pavement to level of lobby. The 
“ stairs ” leading to second flat or story by two flights 
are at h c, the return flight c being shown in dotted 
lines, d d the “ passage ” leading to the two houses 
right and left. This passage on the upper stories or 
flats is the “ landing” at the head of the flight of 
stairs. The houses are at each side of this, and the 
accommodation in each is indicated by the following 
letters. The “ entrance hall ” or “ lobby ” is at 
ce; the “dining-room” is at //; “drawing-room,” 
“ parlour,’" or “ sitting-room ” at g g ; A A “ principal "" 
or “ front bedroom ” ; t i “ back bedroom ” ; the kitchen 
is at jjy with “ bed closet ” for servant at A ; “ coal 
place ’"at If the “ second bed closet ” at ni ; third or 


the staircase at landing d d, fig. 8, which itself is nob 
so well lighted generally as it should or might be, or 
from borrowed lights above the doors of the varioua 
rooms — the latter, however, being, we believe, but sel- 
dom adopted. The second defect is that the bedrooms,, 
both as regards number and size, are generally sacri- 
ficed to the desire to have large entertaining-rooms, as 
dining and drawing-rooms. A house highly rented and 
provided with these rooms of the handsomest descrip- 
tion will have not one large and good bedroom, the best 
or principal bedroom even being but of small dimen- 
sions. And small dark closets are used as sleeping 
places even by members of the family, to the great 
detriment of their health, and assur^ly to the loss 
of that comfort which a bedroom should give, seeing 
that it is the one room in which we spend the greatest 
portion of our lives and the longest intervals of our 
e. 
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THE TECHHICAL STITDEHTS nTTKOBVCnOH 
TO THE GEHEEAL PEDrCIFIiES OF 
MECHANICS. 

Laws afpeotino Natural Thenomena— Matter 
AND Motion. 


CHAPTER XXII. 

At the end of the preceding chapter we explained 
some of the terms connected with wheels of carriages. 
While the axle is firmly secured to and forms prac- 
tically part of the body of the cart or carriage, 
the wheel is free to revolve on its hub. Each axle 
carries a wheel at either end, thus giving a wheel at 
each side of the cart ; but there may be two axles, 
and thus four, wheels. Each wheel supports its due 
part or proportion of the load — one-half of this if it be 
a two-wheeled, one-fourth if it be a four-wheeled cart 
or carriage. The wheels suppoiii their load at the 
hub, which takes the place of the centre, as of the 
ball or sphere k in fig. 12. If the carriage be 
standing upon level ground the condition is the 
same as in that figure : thus, in fig. 14 the line 
of direction of gravity or vertical line g / in first 
diagmm falls or passes through the point of contact 


a small wheel, as a' in the first diagram meeting 
a stone or other obstruction, as U. In the second 
diagram, Bf we have a large wheel, a c, meeting an 
obstruction, d, of preci.sely the same size as 6 in diagram 
A. Under the most favourable conditions of draught, 
in which the force of the horse is applied, by mean.s 
of the traces, to the carriages, the draught would be 
in a line represented by the arrow c, parallel or nearly 
so to the line on surface of the road/ g. We have in 
this case the condition met with, in the easiest rolling 
motion, illustrated in first diagram, fig. 14 ante, in 
which, while the position of the centre g is running or 
moving along the line of rolling surface, this change 
of position or moving is done without raising the 
centi*e g at all, this running along parallel to the line 
c d. So in the second diagram, fig. 17, if no stone or 
ob-struction, such as c2, lay before the wheel a c. But 
when it does the drag on the wheel is in a po.'><ition 
more or less oblique to the line of road, as shown at 
the line a 6 in the third diagram c in fig. 17 ; and this 
oblique force, which is in effect an upward pull, is 
required to lift the wheel (and therefore the weight 
of the load which is due to it — oiie-half if it be one of 
two, one-fourth if it be one of four wheels) over the 




Fig. 17* 




of wheel with the ground — that is, through the point 
/, upon which the wheel is supported; and if the 
carriage be placed on sloping or inclined ground, the 
conditions as in the seco'^d diagram in fig. 14 come 
into existence, with the same results, and if the 
wheels bo free to revolve on their axles — that is, not 
‘‘ scotched " or acted on by the brake — the carriage 
nins down the incline to the level at its base. The 
majority of our young readers are well aware that it 
is easier to drag a cart or carriage over and along a 
road when it is provided with comparatively large 
than when it has comparatively small diametered 
wheels. The necessity for this arises from the rough- 
ness of the road surface, which is more or less incum- 
bered with stones of various sizes lying upon or 
projecting from its surface. Where the rolling 
surface is comparatively smooth, as in an asphalted or 
concrete road, or where it is practically quite smooth, 
as in a street tramway, it is not necessary to have 
large diametered wheels. In the street tramcar, as 
our readers know, the w^heels are of small diameter, 
approaching somewhat to the diameter of the friction 
roller. The conditions of wheels of ordinary carriages 
running on roads of the usual rough -surfaced con- 
dition is illustrated in fig. 17. In this w^e assume 
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stone d. In this the centre of gravity, as a, has to rise 
in a curve more or less pronounced, us a c. The flatter 
the curve is the more does its line approach that of 
the straight line, as a /jf 6 c, first diagram in lig. 14, 
w’hich is parallel to the line of rolling surface c d, and 
which condition is essential to the easie.st rolling, llie 
difference in condition between a large wheel, as in the 
fourth diagram, 7>, in fig. 17, and a small wheel, as 
in the third diagram, (7, meeting a stone of the sjime 
bulk, is shown graphically in the third diagi’am ; the 
angle of draught is more oblicjue, as at a Z* ; while the 
centre a lias to rise and be lifted up in a curve, as ac, 
which is far removed from the flat and easy cuive a o 
in the fourth diagmm. The more the load is lifted or 
raised out of the direct line a g h in first diagram, 
fig. 14, the greater the loss in tractile power ; and 
this is the condition where a small wheel, as in third 
diagi*am, fig. 17, is used. A large wheel lifts the 
centre comparatively little out of the parallel lino, as 
shown ,by the flat curve a c in the fourth diagram. 

Speoifio Gravity. 

At this point, before proceeding to the consideration 
of other and important principles of mechanic.^, it 
will be as well here to take up this subject; as it 

11 
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comeB appropriately enough while considering the 
subject of gravitation specially. 

What is Willed the specific gravity ” of a body or 
substance is dependent upon the property of density, 
or the mass of atoms in a given bulk. Here, again, 
the reader will see how interchangeable are the terms 
by which we indicate what are called the properties " 
of bodies. For it will at once be obvious that a body 
possesvsing extreme “ porosity ” will in the same bulk 
or size or mass have infinitely fewer particles, 
molecules, or atoms in tliat bulk or mass than a body 
possessed of extreme “ density,” which must be of what 
we call greater weight. In ordinary language we 
say that the porous body is light,” the dense body 
“heavy.” Here, again, those terms are purely 
relative ; for, while it is quite true that a body can 
be called “ light,” it is equally true to say of it that 
it is “ heavy.” The condition is dependent upon its 
relation to some other body, with which it is or may 
be compared. If the reader remembers what he has 
read in previous paragraphs in an early chapter of 
this series of papers on the subject of the attraction 
of gravitation, or, simply, gravitation, he will under- 
stand that gravity and weight are synonymous terms, 
— the weight of a body l)eing repi'osented by some 
force which will prevent that body falling to the 
ground, if left free to fall, through the influence 
of gravity. And that force, if it can be measui'ed, 
will be the equivalent of what we call, in popular 
language, the weight or heaviness of the body. All 
that is necessary is to have some standard body, or 
“ weight,” by which and from w^hich we am make 
comparative statements or name what we call com- 
parative weights. And in this stjxndard weight we 
have the force of gravity, or the tendency of that 
•weight to fall to the ground if left free to fall, 
represented \ and if we oppose this weight or body by 
a “ force ” which is precisely equivalent to that weight, 
we prevent it from falling to the ground. In point of 
fact, we balance them, and the weight and the force can 
thus be represented or stated by the same standard. 
This standard in this country is called the “ pound,” 
and is equal to 7000 grains. This is the pound 
“avoirdupois,” by which all common or ordinary 
substances or bodies are weighed — that is, have their 
specific giuvities or gravitating power measured. 
The precious metals ai‘e weighed by another pound 
Btandoid, termed the “troy,” which has only 5760 
grains, [See Tables of Weights and Measures 
(English and French) in “Technical Facts and 
Figures.”] As we have seen that the force of the 
attraction of gravitation depends upon the distance 
of Any position in which it acts from the centre of 
the globe, we see tlmt this standard weight is in 
itself purely relative. For the higher we ascend or 
go into the air the loss is the force of gravity, and 


the less by consequence, and in proportion, is the 
weight ] so that a pound weighing 16 ounces at the 
surface of the earth will have a weight of less in the 
proportion, or thereabouts, of one ounce in every 
100 lb. at a height of 10,000 feet. Practically, 
therefore, we assume that the standard weight of a 
pound has its gravity uniform in all the circumstances 
of ordinary life. And this weight is called an 
absolute — that is, a standard weight, and is assumed 
to be that at the sea-level, or the lowest point of the 
superincumbent mass of air. As the bulk of a body 
depends, as we have seen, upon its density or 
porosity — that is, the multiplicity or fewness of its 
molecules in a given bulk or magnitude, it follows 
that its weight or gmvity will be in proportion to 
this amount of molecular matter, and hence that 
each substance possesses its own bulk, its own 
weight — a weight which is peculiar to itself only, 
specially belonging to it, and hence called its specific 
(or special) weight, or, to use the scientific term, its 
“ specific gravity.” Tlie specific gravity of any body 
or substance being its weight as compared with some 
other body or substance of equal bulk, the term 
therefore denotes the compumtive weights of bodies 
of equal bulk. Each substance or every body 
occupying a certain space, or possessing what we 
call bulk or magnitude, has under the same circum- 
stances a weight peculiar to and invariably dis- 
tinguishing itself : hence (liflTei ent bodies possessed 
of equal bulk must have dilFereni weights ; hence, 
also, the reason why we say that one body possessed 
of the same bulk as another has a weight or specific 
gravity different to that of another body of the same 
bulk. Thus the bulk of two bodies may be similar, 
yet one body may have an absolute weight greater 
than that of the other. As may be readily conceived, 
the specific or special gravities or weights of different 
bodies differ veiy materially. For the determination 
of the specific gravities of solid and liquid bodies, 
water is taken as the standard — distilled water, so as 
to be free from aU impurities, and at a temperature 
of 60° Fahr,, being its best conditions ; for gases and 
aeriform bodies the ordinary atmospheric air is taken 
as the standard. The principle by which the specific 
gravity of bodies is ascertained depends primarily 
upon a law of hydrostatics exemplified by the 
phenomena dependent upon the plunging of solid 
bodies into or floating upon a body or bulk of water. 
This law may be expressed thus. Any body placed 
in water displaces or aiuses the position to be 
changed of a body or a bulk of the water precisely 
equal to its own bulk. And as the bulk of water 
which the immersed body has displaced was and must 
of necessity have been held up or sustained in the 
po^on it originally occupied by the rest of the bulk 
of xhe water by which it was surrounded, it follows, 
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therefore, that the body placed or immersed in the 
water must itself be held up or sustained in the 
water with a force equal to the weight of the bulk 
of water which it displaces. Hence follows this : that 
if the weight of the body itself is greater than the 
weight of the bulk of water which it displaces, it 
sinks in the water ; if the weight of the body be less 
than the weight of the bulk of water it displaces it 
floats, as the popular phrase is, upon the surface of 
the water. It is impossible to overestimate the 
value of this principle to the arts and sciences; it 
has, indeed, by one of our ablest expositors of 
physical science, been designated as “ one of the most 
important discoveries which human sagacity has ever 
made.” The principle or law owes its discovery to 
that master-mind of ancient classical times, Archi- 
medes. As the story goes, this wonderfully gifted man 
was at one time much exercised in his mind in his 
attempt to prove beyond doubt, w’hat was at the 
time suspected, that the crown of the king of Syra- 
cuse, which was said to bo of pure gold, was not 
so, but was adultemted with a mixture of silver. 
While pondering ovei* this difiicult problem, Archi- 
medes had occiision to take a bath. This was either 
so full that on going iirto it the water overflowed 
the edges of the bath ; or, as he went into it, ho 
perceived that the level of the water rose, and it 
occupied a higher line in the sides of the bath than 
before. In either case — and as the first named is 
clearly the moot telling, we presume it to have been 
the one — the habit of thoughtful observation led 
Archimedes to conclude that there was a direct 
relation between the bulk of his body and that of the 
water vrhich overflowed the bath, and his sagacious 
mind saw at once that, as he knew that no two bodies 
can occupy the same place at the same time, the 
space occupied by his body while in the bath must 
have been filled up before he went into the bath ; and 
that conversely, before his body could, so to say, find 
a place for itself, it must displace sufficient water to 
make room for it. And seeing the relation between 
the two, tlie full value of the discovery so elated him 
that, thinking only of the problem which had been 
puzzling him, and forgetful of appearance, he rushed 
into the street, and, running along it, shouted out 
** Eureka ! Eureka ! ” (** I have found it ! I have 
found it!”) 

Speoifio Gravity {oontinued),---Th» Law upon wlfloh it 
is based. 

We have f«aid that the importance of the discovery of 
this law we have named cannot be overestimated ; and 
as its points may not be easily understood or readily 
grasped by some, we refer them to one of the early 
paragraphs of the series of papers in this work entitled 
“The Boat and Ship Builder,” where it will be ex- 
plained in detail. From this law that as the force 


US 

with which a body immersed in water Is held up or 
floated, is measured by the precise weight of the 
bulk of the water which itself displaces, it follows 
that if we find out the amount of this holding up or 
sustaining force and compare it with the direct weight 
of the body itself, the special, specific or comparative 
weights will be obtained. This, it will bo seen, flows 
from and is dependent upon the great law already 
enunciated ; and on it the hydrostatic balance and the 
hydrometer are founded, and in both water is the 
medium >vith which the results are obtained, — the 
principle of which may be roughly exemplified thus. 
First weigh the body of which we desire to know the 
specific gravity in the ordinary atmospliere, and then 
w'eigh it in water ; take the diflerence between the 
two, and divide the whole weight by this: the 
quotient will be the specific gravity of the body 
required. 

Bpeoifio Gravity (conUnued )^ — The Hydroitatie Balance.-- 
Bodies heavier than Water. 

The diagram in fig. 18 illustrates the way in which 
the principle above stated is carried out in what is 



called the hydrostatic balance, which is in fact but a 
good, well-adjusted ordinary balance, ahcd. The body 
/, of which the specific gravity is requii*ed, is suspended 
from the dish 6 by a fine thread c, or — what is 
very often used — a horsehair; and then the weight 
of the body /, thus suspended from h by e, is 
balanced with great accuracy by known weights, 
such as grains, etc., etc., put into the opposite dish 
a. This, which is the actual weight of the^ body in 
the air, is noted down. If now a vessel of water — the 
mechanical arrangements of the balance being such 
that this can be readily done — be passed from under, 
so that the body becomes gradually immoi’sed in the 
water, then, in virtue of the law we have already 
enunciated, the body / is, so to say, pushed up by the 
water with a force or pressure equal to the weight of 
water which it displaces, the result being that the body 
apparently loses so much of its weight that the balance 
between the two dishes or ends, ky ly of the balance beam 
no longer exists ; and the dish a and end k of beam 
prepondeiute. 
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THE GBAZIEB AHO CATTLE BEEEDEB AND 
FEEDEB. 

The Tbohkioal Points connbctkd ^ith the Vabieties ob 
Bbbeds of Cattle— Theib BbbedinO) Reabino, Feed- 
ing, and Gbnbbal Management fob the Production 
OF Butchees’ Meat and of Dairy Produce. 

CHAPTER XVJIl. 

Continuing the subject of bulk as a characteristic of 
cattle foods, we may remark that any one acquainted 
with the habits of cattle knows how large the mass of 
food which they consume. When out at pasture they 
may be said to be continually eating, the time they are 
chewing the cud and at rest being comparatively small 
in amount. In the case of the horse its stomach is 
differently constructed, so to say; it is much less 
capacious than that of cattle. Hence, more concentrated 
or less bulky food is given to the horse, such as corn 
and hay, which of their respective classes are the most 
concentrated forms of food. Rut in all cases farm 
stock require a certain amount of bulk in their food. 
Hence it will be perceived by the mider, in referring 
to the analyses we have given, that there must be 
some mistake made in the purely chemical view of 
cattle foods when their woody fibre ” is classed as 
a wow-nutritive substance. It is well known how 
important the part is which straw plays in cattle 
feeding ; yet, by referring to the analyses, it will be 
seen that woody fibre makes up the largest part of 
the substances, varying from more than one-third up 
to nearly one-half of the bulk^ It is no reply to this 
objection to say that this lai'ge proportion possesses 
no feeding value so far as analysis can show, and that 
it only serves to increase the bulk of the food. But 
as we have seen, and know for certainty, that bulk 
is absolutely requisite to insure the full development 
of the digestive functions of the animal, to state that 
the bulk only is the point gained by the presence 
of “ woody fibre is but another way of admitting 
that w'oody fibre is a nutritive substance, while 
nevertheless it is, according to the purely chemical 
view, set down as non-nutritive. And apart from the 
question whether it is or is not nutritive, a merely 
common* sense view of the point would determine 
that it is but a mere play upon words to say that 
the woody fibre — which, with water, also by the 
chemist classed, as we have seen, os non-nutritive, 
makes up the great hulk of food — is useless, while 
we know that it aids digestion, and without it diges- 
tion, in the proper sense of the term, cannot indeed 
be secured, without which the richest food is useless. 
Whatever is essential to the due performance of 
any work, however useless considered by itself, cannot^ 
in any true sense of the term, be said to be useless. 
If we wish to boil water, the kettle is as much a 
part of the act of bailing as the water, — as giving 


the bulk or woody fibre of a food is as much a part of 
the act of feeding as the strictly nutritive parts of it. 

Yalae of the Aid afforded by Ohemiitry in Farming. 

We have been thus particular in insisting upon 
these points as affecting not only the value of foods 
but the act of feeding with them, not merely 
because they are important in themselves and lead 
up to considerations also important, but because we 
desire to impress the reiider who is desirous to know 
what constitutes sound practice in the feeding of 
farm st<ock with this great truth : that the science and 
the consequent art or practice is not to be, cannot be, 
decided by tho investigations conducted by,' and the 
deductions drawn from them by the chemist alone. 
And in saying this we by no means desire to convey 
the idea that chemistry has done but little service to 
the science and practice of foods and feeding. On the 
contrary, it has absolutely creiited the science. Before 
the chemist took the subject up, it may be said, with 
almost absolute truth, that nothing was known as to 
how the difference was to be exhibited which existed 
between one food and another. All tliat was known 
was that differences did exist; but this, in great 
measure, was only guessed at. What wqjs done in 
feeding was based upon a but too limited series of 
observations, and these made only by the intelligent 
few ; while the great bulk of farmers did everything 
by haphazard, guided chiefly by preconceived notions 
and by prejudices. But chemistry changed all this : 
it told us of what foods consisted, and proved that 
there were connecting links which bound not only 
the foods themselves in what may be called a common 
bond, but connected them in the closest manner with 
the soils and the manures by which those soils were 
fertilised, and the value of the crops increased. In 
brief, it showed, fn a manner as conclusive as it is 
beautiful in fact, tho maiwellous cycle of operations 
constantly going on in the vegetable and animal 
world : how the wants of animals were met by the 
vegetables, and how tlie animals in turn ministered to 
the necessities of the crops ; the same constituents 
appearing in each, and each in turn taking its place 
in the beneficent arrangement of the mateiial world. 

. Farmers do not now need to grope in the dark, 
vainly inquiring how this and why this should be 
60 ; chemistry tells them what it is which constitutes 
the true value of practices which obsen^ation only had 
pointed out, — it tolls them also what to avoid. And 
if it had done nothing more than to put into the hands 
of the farmer the means to ascertain what is the true 
value of the foods which he has to purchase, and 
which ore now ^ largely used, and are offered to his 
notice by so many competing firms —and thus shield 
him the dishonest tricks of the least respectable 
of (Nalers— cheinistiy would have done much for 
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him. Bat we have seen that it has done vastly more 
than this : it’ has raised the piactice of stock feeding 
to the dignity of a science, and has made this practice 
to a large extent definite and precise in its details, and 
rendered food much more economical than was the 
case under the old rule or method of working. 

But while chemistry tells the farmer much — very 
much — of the highest value to him in his daily 
practice as a feeder, it does not, has not, told him all ; 
although the chemist may say in reply that he only 
concerns himself with points of the subject within 
his province ; that he only points out wliat his 
knowledge as a chemist enables him to do, leaving it 
to the professors of other and cognate sciences to fill 
up the gap which chemistry does not profess to do. 
This view of the relation which the chemist occupies 
to the whole question of cattle feeding would have 
been just enough had it been maintained ; but, un- 
fortunately, as we think, for the practice of feeding, 
Liebig — the first and great expounder, if he is not, 
indeed, to be looked upon as the discoverer of the 
science — took such a very decided view of what 
chemistry could do, and, as he maintained, did, that 
nothing was left, or considered to be left, for the 
expounders of other sciences to do. Hence it was 
that at first, and for long, it was held that the purely 
chemical was the true view of the question of food 
and feeding : hence the evils in practice wliieh 
follo'wed and all its consequent disappointments, and 
those so great that for years discredit was thrown 
upon chemistry as a piuctical aid to agricultural 
practice in feeding of stock. 

Condition or State in wkioli Food is, an Important Element 
in Farm Stock Feeding.— Catting of Straw. — Slicing 
and Pulping of Boots. 

But, just as we see in other departments of science 
the discoveries of one lead to those of another, the 
details which one leaves incomplete being filled in by 
another. Thus we find that where chemistry failed, 
and fails, in pointing out what are the circumstances 
in practice which modify, and tend to modify, the 
deductions made from its investigations and analyses, 
physiology steps in and completes the task. Tliis we 
have so far illustrated, but the points concerned in 
this dual relation of the two sciences are not yet 
exhausted. We have seen that water and woody 
fibre play important parts in the action of food in the 
animal economy, and that, even while admitting the 
truth of the chemist^s assertion that they are not 
nutritive, they foim, so to say, .such irai>ortant links 
in the chain of food assimilation and digestion of the 
animals, that if absent, the chain incomplete fails, as 
it must fail, to do its duty. Looking upon those two 
elements of water and woody fibre for the present as 


acting in a purely mechanical or physical manner by 
adding to the bulk of food, the condition or state in 
which food is given to the animal exercises a decided 
infiuence upon its digestion and assimilation. Thus 
it would appear to be matter of indifference whether 
straw, for example, or roots, such as turnips, were 
given in their original condition — that is, the straw 
uncut and the roots whole. But in practice it has 
been found that if we cut the straw into short 
lengths — technically, in the language of the feeder, 
called chaff— from lialf an inch to an inch long, and 
if in like manner we cut the roots into thin slices, 
or, as some practical feeders prefer to do, shred them 
down into such minute portions that they form a 
species of pulp, we find that the processes of digestion 
and assimilation are so greatly promoted, that this 
style of feeding is more economical than that in 
which the materials are given in the whole state. 
The action of the materials would seem in large 
measure to be in the first instance merely mechanical, 
as by division inci*ea8iiig the surfaces, so that these 
will be in the best physical condition to be presented 
to the juices and the action of the ve.sfeels of the 
stomach. But wo are inclined to believe that another 
result is obtained by this process of division or 
increasing of the surfaces, and also by consequence, 
and in large measure, the bulk of the food. And 
this result is, as we think, that alteration in the 
flavour, and consequently in the liking which the 
animal will have for it, which we know results from 
trituration of certain substances. Thus it is well 
known that neither the full flavour nor the full odour 
of certain plants and substances are developed until 
they are bruised, crushed, or triturated. So marked 
is this characteristic in some substances that in their 
normal or natural condition they give out no odour snd 
when touched by the tongue almost as little flavour ; 
but when cnished, bruised, or triturated, their odour 
and flavour are at once developed. Tlie proces.s of 
cutting straw or pulping roots is largely carried 
out in practice. So largely that it lja.s given rise 
to a number of macliines and appliances wliich have 
kept, and still keep, many agricultural machinists 
at work. This practice of cutting, dividing, 
crushing, and bruising is based, beyond a doubt, 
upon what experience has shown, to be beneficial to 
the animal. Farm stock of all kinds are generally 
influenced by what is called taste — they having their 
likes and dislikes just os strongly pronounced as have 
men — and this is often shown in a way so decided 
that it is suggestive of somewhat grotesque or 
ridiculous thoughts relating to ‘‘man and beast,** 
which the observant farm stock feeder is often 
greatly interested in. 
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THE PACTOBT OB MILL HAND AS A 
TECHNICAL WOBOB. 

Thb Organisation, General Duties, and Special 
Work op the Staff of Factories fob the Produc- 
tion OP Spun and Woven Goods — that is, ‘‘Yarn” 
AND “Cloth”— and those chiefly in Cotton and 
Wool.— General Description of the Various Pro- 
cesses OF AIanufacture. 

CHAPTEK X. 

Continuing our description of the carding process 
commenced in last chapter, we have to state that the 
cotton is stripped from the doffer by a comb or knife. 
This is called the doffer comb,'" or “ doffer knife,^’ and 
it leaves it in a fine fleecy condition. It is then 
brought to a funnel, whore the fleece is condensed and 
made in the form of tape or riband called a sliver.” 

The Goiler or Condenser of the Carding Engine. 

The sliver is drawn through this funnel by two iron 
rollers (calender rollers), which are so regulated that 
they take up the web as fast as it is stripped from the 
doffer. It is tlien received by an additional machine, 
called a “ coiler,” — but we do not wish it to be under- 
stood that it is looked upon as a separate machine, as 
all carding engines, ns they are now made, have this 
part added to them. This can easily be taken away, 
if desired ; but the advantage of it is so great that 
for the last twenty years it has been considered as 
indispensable. The “ coiler,” as it is called, is also 
provided with calender rollers, which are so calculated 
as to take up the sliver or tape at about the same 
rate as it is delivered by the funnel or calender 
rollers. In the arrangement of this coiler there is a 
place where a tin can ” can be placed to receive the 
sliver as it falls from tlie I’eceiving part of the coiler 
(top part). The c^n which is placed to receive the 
sliver is round, and of about 9 or 10 inches diameter 
and 30 inches long. At the top part of the plate 
there is a hole, so that tlie sliver can go through. The 
hole in the plate not being in the centre of it, the 
eccentric movement causes the sliver to form some- 
thing of a circle ns the plate goes round, and thus the 
sliver is coiled as it drops into the can. Again, the 
bottom part of the coiler which carries the can is 
provided with a plate to carry the can, and this, by 
appropriate gearing, causes the can to turn round in 
an opposite direction, and this plate is driven from the 
cai’ding engine in the same wny as the calender rollers 
and the coiling plate at the top part of the coiler are 
driven. In this way the can is filled more regularly 
than it would be by allowing the sliver to fall naturally 
into it. There is also the advantage of pressing it 
down into the can without even the slightest attention 
of the attendant. The sliver being free from twist, it 
is so subject to entanglement that it mtist be treated 
with care, or otherwise much waste, loss of time, and 
inferior work would be the result. If the coiler were 


dispensed with, the labour in connection with the 
carding sliver would be muliplied fourfold. 

The Carding Prooeii for “Hedinm “and *<Fine“ Counts of 
Cotton Tam— The “Flat” Carding Engine. 

We have given a somewhat clear account of the 
working of the carding engine in general use in the 
coarse spinning mills. The carding engines in the 
medium and fine spinning mills are in every respect 
the same, in so far as the basis of the machine is 
concerned — ?.e. the main cylinder, taker-in, doffer, 
feed rollers, delivering rollers, coilers, and in the 
way in which the lap is arranged at the back part 
of the carding engine. The clothing of the cylin- 
ders is in every respect treated ns in the above, 
excepting that a finer-set wire is required for the finer 
kind of cotton and the finer yarns intended to be 
spun. This will be obvious to the reader^ as in finer 
work all care must be taken in order that the cotton 
can be more freed from specks, or other matters which 
would produce unevenness in the thread (yam when 
spun). In explaining the roller and clearer engine 
we stated that they covered nearly half of the main 
cylinder (top part). In the case of the carding engine 
(for fine counts of yarns spun), which is almost 
universally in use, flats are in the place of rollers 
and clearers. This change also causes a very dif- 
ferent classification of framing to accommodate the 
flats to that which is I'equircd for the roller and 
clearer carding engine ; however, this in no way 
interferes with the object of carding cotton. The 
different order of the machine frame is so made that 
the system of carding by flats may be carried out by 
flats instead of the roller and clearer principle. The 
roller and clearer system is, of course, so arranged that 
by rope or chain tJiey are made to run round, but in 
the case of the flat system they are in a stationary 
condition (with the exception of one arrangement, 
which will be hereafter fully described). 

Hand and Haohine or Automatic Stripping or Clearing of the 
** Flati “ of Fine or Medium Count Carding Engines. 

Of late years the plan of fiat carding has been 
entirely changed from hand labour to that of auto- 
matic. Formerly the stripping or clearing of the flats 
was done by hand labour, which was a laborious piece 
of work, not healthy, nor did the operative get a 
sufiicient remuneration, for this land of work. It was 
readily taken up by men of little or no experience. 
This laborious and ill- paid work is now superseded 
almost entirely by automatic machinery, and with 
perfect precision. 

Mr. Evan lABigh, while engaged in Manchester as 
a cotton spinner, being of a mechanical turn of 
mind, and certainly very ingenious, constructed a 
carding engine on the “flat” principle, to be self- 
acting ^ its cleaning operation. Immediately his 
plan WTO brought out and in operation in a few mills, 



THE FACTOBY OB MILL HAND AS A TECHNICAL WORKER. 


147 


an American system was hiought into this country. 
It was a very ingenious method of what is called “ self 
stripping,” which means cleaning the wires on the 
flats. This plan was much admired, inasmuch as it 
did not disarrange the present appearance of form 
of machine ; in short, it retained the old flats. This 
curious mechanical arrangement was at first so flimsy 
and intricate, that it was liable to continual break- 
ages, and the machine was often at a standstill. How- 
ever, in time the firm of Dobson k Barlow, Bolton, 
made many alterations in this mechanical arrange- 
ment, by which the breakages and other inconveniences 
were much reduced. 

The firm of John Hetherington k Sons, Man- 
chester, next gave another impetus to this system of 
self -stripping. Theirs, we may say, was a new 

arrangement, which, though it embodied the American 
Wellman’s plan,” nevertheless had in it compara- 
tively new arrangements to carry out the American 
principle of working. The method of cleaning, strip- 
ping the tops, was identical with the system adopted 
by the firm of Dobson k Barlow, Bolton — i.e. by lifting 
up the flat from its work, and thus so far reducing the 
carding power for the time. This is not of very 
great importance, because it is so quickly returned to 
its former position of working with the cylinder. The 
meclianism of this plan is not only ingenious, but very 
complete. 

Self-Stripping Carding Engine Leigh’s Kaohine. 

We now refer to that plan of self -stripping which 
we named at the outset of the subject of self -stripping, 
namely, that invented by Evan Leigh, of Manchester. 
We have not left it to the last to give its description 
for the reason that it is the only one which meets the 
demand. Tf it were the best in the world, it would 
not be looked to by every one as the best. Users of 
machinery vary in their tastes, their knowledge or ideas 
of certain parts of a machine, and they are influenced 
in different ways ; and so it comes about that different 
machines are patronised by different men. 

The method adopted by Evan Leigh of arranging 
and working his self -stripping is certainly simple. 
And all simple plans of working machinery are 
generally free from much wear and tear, and also 
from frequent breakages, which cause stoppages, and 
thus interfere with the production, as well as being a 
loss jp the cost of repairs. The arrangement whore 
the possibility of breakage is reduced to a mere 
minimum is the setting of eighteen, twenty, or more 
tops on one card. These are so easily set to their 
work in this arrangement, in comparison to those of 
the Wellman’s principle, which have to be set sepa- 
rately, and which is a very tedious process, as the 
cards cannot be set so much alike as tlmse which are 
all BO arranged by a certain bevel on the flats. The 
system of setting flats on Leigh’s principle is by 


thus getting them on a bevel. Where they have to 
be set mostly by gues?*, they cannot, even by the 
most systematic and careful experienced hiind, bo sot 
equally throughout. Now, in the case of Leigh’s plan, 
the whole can in that respect be accurately set to 
work. Each side of the cylinder has a bond, or circle, 
similar to that of the cylinder. This bend is some- 
what flexible, and on this bend the flats are drawn 
over. The bend has three, sometimes five places for 
Betting the flats neixrer to the cylinder, and as the 
wire on the cylinder, and also that on the flats, wears, 
the five sx’rows are lowered, brought nearer to the 
cylinder. This self -stripping arrangement is of the 
very simplest kind, and at tho same time it is as 
correct as any piinciple w^e have ever met with. Tho 
plan adopted for the flats to be carried or conveyed 
on their journey — for they are reiilly I'evolving flats — 
is as follow's. An endless chain is used ; tw'o-fifths 
of it is continually on the cylinder and at work. 
It travels with a continual steady motion, driven by 
wheel and pinion ; and thus fresh and clean wire is 
presented to the cylinder, which is exactly what is 
required, and what is also done by the otbei*s in 
another way, as before shown (Wellman’s card 
principle). In this case the number of flats is 
continually the same ; they never vary. The other 
principle alluded to having only a fixed number, 
when one is to be cleaned it is raised from the 
cylinder. In the case of Leigh’s system, the 
cleiining of the flats is carried on in another way 
altogether — i.e. thfjy are cleaned as they leave the 
cylinder by a comb and a brush. As a diriy one 
leaves the front of the card, a clean one is drawn in 
at the back, and this process goes continually on with 
mathematical accuracy. The “ strippings ” from tho 
systems which we have treated are in all cases placed 
in a box or receptacle, in which the cotton which is 
token from the dirty flats is deposited conveniently 
for taking away. It will thus be seen how, and 
in what way, the automatic system of stripping the 
tops is superior to that of hand stripping for regularity 
and cleanliness. As to the clothing of the tops or 
fiats, the same kind of wire which is suitable for one 
is also suitable for the other — i.e. as regards the 
material they are composed of, and as to the fineness 
of the set of the wire. 

Practical Bemarki on the Two Procesies already deioribed^ 

Opening and Carding, preparatory to the Eezt Prooeis, 
that of Drawing. 

In the preceding paragiuphs we have given a full 
description of the two first and very important 
processes which the cotton fibres must pass through ; 
and this in order that our readers may be furnished 
with particulars which will enable them to have a fair 
amount of knowledge of the operations to which the 
cotton fibres are subjected in the two first preparatory 
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and which are of the utmost necessity to be so is called *Hhe drawing frame/’ Three to five pairs 

regarded, in order that the final result or spinning of 101101*8 are used, and the part of the apparatus 

may be satisfactory. As the next process will clearly used for drawing is called the head.” In such a 

indicate, opening up of the fibres of the cotton is machine there are three, four, or even more heads, 

not only important, but essentially required, and in To the explanation of the principle of drawing which 

this way it will be understood how important a part has been given in connection with fig. 6, it must here 

the opening oiachine has to take in the preparation be added, that the velocity of the rollers varies, and 

of cotton. It could not in any degree be considered by changing the wheels the dmwing can he diminished 

in a state suitable for the carding engine, unless it or decreased. The extent to which the slivers are 

had been in some way operated on so as to open drawn out depends upon the difference of velocity 

up or detach the fibres one from another.' This, between the first and last pair of rollers, and the 

although so wonderfully well done by the blowing- intermediate rollers have not any effect upon the 

room machinery, is after all not so completely done extent of the drawing, but distribute the stretching 
as thoroughly to clean it. The further separation of equally throughout the whole length of the cotton, so 

the cotton fibres is more perfectly accomplisliod in as not to tear the bands in the oi>eration. For this 

the carding engine, which we have already described ; reason the rollers are put as near to one another as 

and besides more completely separating the fibres, the tl^ drawing will allow. As the object of drawing is 

other objec'tionable parts, such as sand dust and short, not to make the slivers finer, they are also “ doubled 
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coarse fibres, are to a great extent cast out by the during this operation, and through continually 

work of the carding engine. Iliis is so far in favour doubling” them and drawing ” them out the ad- 
of the next machine, the directions for working and vantages of making them more even and getting rid 

management of wdiich we now take up. of weak places are obtained. In a drawing frame 

The Drawing Frame, the Machine next in me after the which has three p.iir.s of cylinders and four heads 

Card. ’ the second piir of rollers have double the velocity of 

The principle of this ^^ o partly illustrated in con- the firat, and the third three times tliat of tlie second, 

nectioii with fig. 6 {ante) in describing the finisher Consequently, if a sixfold band 1 centimetre long 

carding engine to which the drawing rollers w’ere pas.ses through it is drawn out 6 x fi x 6 X 6 times its 

given. We now describe more fully the principle length — i.e. to a length of 1 29 fi centimetres, 

and the way in which it is applied in practice in the The dmwing frame” represented in tnmsvorse 
** drawing frame.” section in fig. 8 has three pairs of cylinders of 3 

The objcH^t of the drawing ” process is to make centimetre.s diameter. To make it more distinct, the 
the fibres in the slivers received from the carding head is shown on a larger scale in fig. 9. The lower 

engine still more parallel ; it draws the slivers out more grooved rollers «,/, run through all the heads, and 

and makes them evener, thus causing the yam to be are made to revnlve at different rates, by means of 

oven and strong, which are essential features in an arr^gement of toothed wheels. The upper 

a good quality. The machine for carrying this out rollers^, h, c, are covered with leather. 



THE BUILDING AND THE MACHINE DRAUGHTSMAN. 


149 


THE BXriLBIKe AED THE MACHINE 
DBAVGHTSMAN. 


CHAPTER XVII. 

Wb proceed in fig. 4, Plate CLXXV., to give other 
illustrations at once of pro jeci ions and shading of 
those of various objects in which the circular line 
in plan is a chief feature. And the first diagram 
in this illustrates what we have before alluded to 
in connection with diagram a 5 c in fig. 1, Plate 
CLXXV. — namely, that the character of the shading 
is reversed in the case of a concave or hollow rounded 
body from that given in the shading of a body convex 
or cylindrical. Thus, diagram A, to the extreme left, 
fig. 4, Plate CLXXV., in wliich the “ sectional ” plan 
of a semi-cylinder is given at upper side, showing that 
it is not solid, but is hollow. This hollow or vacant 
space in the centre is also semi-cylindrical — that 
is, its outline is concentric, or its curve parallel to 
tlie outside curve. The ** elevation ” at top, which 
is in outline, conveys no idea of the exact peculiarity 
of the object. This, however, is given in lower 
di^igram to the extreme left as well as can be 
given in a drawing which is in plane projection ” 
and not in perspective. In this we have the shading 
feversed in character from that of the cylinder or 
convex rounded body shaded in a h c d, iig. 1, 
Plate CLXXV. In this latter diagram wo have the 
darker shaded side to the right, while we have it in 
the hollow body in lower diagram to the extreme 
left, fig. 4, Plate CLXXV., the lightest shade being 
to the right in place of the left. 

In second diagram, fig. 4, Plate CLXXV., we have 
in sectional plan the semi -cylinder, as in first diagram ; 
but in this case, in place of the hollow on its under 
bide being semi-cylindrical, and therefore curved in 
outline, it is square-sidod or rectangular. Here the 
unshaded elevation in the centre i.s precisely the same 
as in the centre diagram to the left, the difleronce 
between the character of the projection being made 
evident to the eye only by .‘^hading it, as in lower 
second diagram. In this the dark “ shadow ” to 
the left of the hollow part is put in by certain 
rules hereinafter explained ; proceeding, however, on 
the same a&sumption as already named, that the 
light thrown upon any object comes from the left 
hand, and at a certain angle. The precise difference 
between the terms ‘Shaded ’’ and “shadow may be, 
should space pei^mit, hereafter fully explained in 
describing the principles of the “projection^* of 
shadows. Meanwhile, suffice it to say that an 
object is “shaded” when it is so treated by the 
draughtsman as to indicate fiat or lou tided or 
hollow surfaces on parts, as in the diagram we 
have given in fill. 1 and 4, Plate CLXXV, and 


fig. 1, Plate CLXXVI. An object or part of an 
object is said to be in “ shadow ” when another 
object or part of an object intervenes or comes lie- 
tween it and the light. Thus, in the sectional plan 
of a square block, D, fig. 1, Plate CLXXVI., the inside 
of which is a hollow rectangle, the dark part a is the 
“shadow” thrown by the part h, which intervenes 
between it and the light which is supposed to come 
from the left-hand side of b. The same shadow is 
shown at c c, in the elevation of the object in a b. In 
like manner a, in diagmm b, fig. 1, Plate CLXXVI., 
is the “ shadow ” cast upon the part h by the project- 
ing part c, which intervenes between it and the light, 
coming in the direction and at the angle of 45° at d, 
this being the angle assumed in the projection of 
shadows. 

Returning to the diagrams in tig. 4, Plate CLXXV., 
we here, in second diagram to the left at bottom, 
see the shadow in the elevation, as thrown by the 
projecting part at the side of the hollow In thiid 
diagi'am from the left, in the .same figure, the semi- 
cylinder has the hollow part in its under side in the 
form of a triangle. Here, again, the only ditiereuce 
in the appearance of the projection between it and the 
first and second projections is the centre line which 
is the projection of the line at central point of upper 
figure. It is only when shaded that the eye takes 
in a conception of what the character of the object 
is, as shown in elevation. The same feature is 
further illustrated in the fourth diagram from the 
left, at top, in which the elevation of the object is 
precisely the same as the elevation of object in third 
diagmm, and it gives no indication of the fact that 
the triangular part in fifth diagram project.s from 
the semi-cylinder in place of receiling into it, as in 
third diagmm. And it is only when the elevation, 
fifth diagram, is shaded, that the reader has a con- 
ception of what the character of the object is which 
it represents as graphically as “ plane projection ” 
ciin present it. By certain methods of projection 
popularly known as perspective, objects can be shown 
more graphically than by plane projection, although 
those methods are not so practically and widely 
available as this latter system of projection, which 
is that universtilly employed in and for the prepara- 
tion of “ woi king drawings.” 

The diagram in fig. 4, Plate CLXXV., represents 
projections of objects the external diameter of the 
plan ot which, as looked at in the direction of top, 
is the same in all — namely, a rounded surface — semi- 
cylindrical. But the difl'eience between the projec- 
tions in the last three diagrams and the first three 
diagiMins is that in the last three the under sides 
have parts projecting from the fiat, while in the first 
three the paits lecede into the body of the object or 
give hollow paits. And the youthful draughtsman 
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will receive a practical lesson if he studies the pecu- 
liarities of eacli in relation to what we have given 
already as to the value of shading in showing the 
characteristics of objects which without it would 
present the same appearance to the eye where the 
projections are given in pure outline; although the 
characteristics of the various objects are so essen- 
tially different. This is further and practically 
illustrated by fourth and fifth diagrams, which give 
in the projections of the elevations precisely the 
same appearance to the eye as the projections in first 
and second diagrams ; and this although the points 
in fourth and fifth diagrams project from, while the 
points in first and second diagram recede into the 
body of the object projected. And it is only by 
shading, as in fourth and fifth diagrams, that the 
difierence between these projections and those in first 
and second diagrams is gmsped by the mind of the 
spectator. This is again illustrated in third and sixth 
diagrams, in which the projections of elevation are 
precisely the same in appeai-ance, although the cha- 
racteiistics of the two objects are so essentially 
different, and it is only when they are shaded as 
in lower diagrams that the difference can be under- 
stood. 

But the reader must be careful to note that while 
shading possesses groat practical advantfigos, as affoi*d- 
ing a means of more readily distinguishing between 
difterent parts— for example, between those which 
have a flat and those having a rounded surface, 
between parts projecting and parts recoding — 
shading is not essential in piano projection.’' In 
practice, indeed, especially in engineering working 
di-awings — that is, the drawings actually given out to 
the workmen from which the measui'ements are taken 
in constructing the objects projected or drawn — 
shading is not resorted to, only in a few and excep- 
tional cases. It is only in what may be called office 
drawings ” — that is, those which are kept for I’eference 
or for business purposes, to show to clients and 
customers — that shading is systematically resorted to 
and carefully executed. And this, if for no other 
reason than to make the drawings look moi*e attract- 
ive, as well as to convey a better notion of what the 
peculiarities of the objects represented by the pro- 
jection are to clients, many of whom, having no 
practical knowledge of drawings executed in plane 
projection, have often a gi^eat difficulty to understand 
the nature of the parts of an object shown, e6pe<4%Uj 
if those be unshaded. Notwithstanding that shading 
is not essential to the practice of plane projection, all 
the views of objects obtained by which can be at once 
grasped by the mind of the draughtsman, who knows 
what its principles are, still a knowledge of shading 
and of the projection of shadows is necessary to the 


draughtsman. Much of the practical part of this 
department we have already illustrated, and by this 
enough will have been conveyed to the intelligent 
reader to enable him to shade a large proportion of 
the parts of objects he projects or draws. 

Further illustrations of the methods of ** shading " 
plane projections will now be explained in order 
to make our present depai’tment complete, which, 
although, as we have shown, but limited, is still 
sufficiently wide in its scope to afford information 
applicable to a pretty wide range of practice. So wide, 
in fact, that if the reader be careful to study closely 
what wo have said, and to examine carefully the 
diagrams by which this is illustrated, he will know 
enough of shading to suffice for the practical require- 
ments of ordinary practice. We have hitherto shown 
how views of objects in plane projection — that is, in 
pure outline on perfectly flat surfaces — have their 
parts so shaded that hollow parts have a different 
surface or .appeamnee given to them from those 
which are not hollow ; by this means giving that dis- 
tinctive character to the view of the object which 
would be hu'king if it were done in pure outline only. 
We have seen that this effect is produced by giving 
to the surface different tints or tones at difterent 
parts, those tones or tints being produced by colour ” 
in the actual practice of preparing drawings of archi- 
tectural and engineering objects, or by means of pen 
or pencil by lines and dark parts as shown in the 
various diagrams we have given. 

But in many cases the drawings or projections are 
given in the actual work of the drawing office in pure 
outline, colour or shading being wholly wanting. To 
show, however, the distinction between hollow and pro- 
jecting parts, a method is adopted in finishing the draw- 
ings which gives this distinctiveness to a large extent. 
This metliod is known as ‘‘shade linos.” We have 
seen, in describing diagram D in fig. 1, Plate (JLXXYI., 
that the “ shadow ” of an object or part of an object is 
cast — to use the popular term — or projected on the 
surface on which the object is lying or standing, or 
against which it may be placed ; the light being sup- 
posed to come from the left-hand side at an angle of 
45°, as in the direction of the arrow d in the diagram 
D in fig. 1, Plate CLXXVI., and from the top in the 
direction of the arrow e. The result of those two direc- 
tions in which the light is projected upon an object 
is that its shadow is a compound, so to say, of those 
two directions — showing us partly to the right hand 
side of the object, and pai'tly on its under side — as 
shown at the part in shadow at a. W hen there is 
only a side projection, as in the direction of the line 
f gr, the shadow cast or projected is at one side, but as 
shown in the triangle/^ A; the corresponding pro- 
ject^ of shadow in the plan being at h i. 
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THE GEOMEIBICAL BBAHOHTSKAH. 

Hi8 Work in the Construction of the Figures 
AND Problems op Plane Geometry, Useful in 
Technical Work. 

CHAPTER X. 

Through one of the ends, a, of the straight line, a b, 
fig. 60 (last chapter, p. 93), let us draw any straight 
line whatever, a x ; upon this line let us carry 
A M = m M N = M N = n ; let us join N B and lead 
M c parallel to N b ; we shall have — 

AC AM m 
c B “ M N n* 

To draw a Line which will be a Poiirth Proportional to Three 
given Straight Lines, 

That is to say, to construct a line, oj, so tliat it 

, - . m p . , 

may have the piDportion — = ^ ; otherwise expressed, 

to construct the fourth term of a proportion of which 
m, w, and p are the first three terms, and which are 



arranged in the order indicated. First construction. 
— Draw two straight lines, A D, fig. 51, and a e, 
making between them any angle whatever, upon one 
of which take a b = ?/i, fig. 50, B D = jo, on the other 
A c = w. Join the point b to the point c, and, 
through the point d lead a line, d e, parallel to b o. 
The line c e is the line in fourth proportion required. 





But in place of setting off to the end of both lines 
the length m etc., set them off at starting from 
the point A, fig. 62, and take a b = m, a d = ji?, 
A c = n; this would then be the line a e, which would 
be the line wanted. This problem, founded upon the 
same theory as the preceding, takes up less space in 
its construction. 

The arrangement of the lines, m, n, and p, might 
also be varied in the same construction. Thus draw 
two parallel lines a c and a' c', fig. 53 ; upon one of 
them (see the first figure, 50) we take lengths a b m, 


B c = ; upon the other we take a length a' b' = p. 

We join a a' and b b' by two straight lines which 
meet at the point o. We join the point o to the 
point c, and the line o c' cuts at c the line a' b' 

We have or ”* = ; and the line b' O' 

BC B c' n B C 

is then the fourth proportional wanted. 



fig. 63. 


The construction may be still varied without 
changing the principle ; this is shown in the second 
diagram in fig. 53, which it is unnecessaiy to explain 
in detail. 

To draw a Third Proportional to Two given Straight linei, 
m and fig. 54; that ii to lay, the Fourth Term of the 

Proportion 

n X 

This problem may be taken with the preceding 
problem, making of it = n ; but we will, however, 





Fig. 64. 

give as example several constructions. First, on the 
line A b = m, fig. 54, as diameter, describe a semi- 
circle ; starting' from the point a draw a chord, 
A c = w ; and drop upon a b a perp^dicular c d. 
The line required is equal to A D. The chord a c is 
mean proportional between the diameter a b and its 
projection a d. On this diameter-we have then — 

, m n 

A c® =a A b ; A D or m A n; or again, 
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In the second construction diuw two rectanj^ilar 
lines, A c and a b, fig. 55 ; on these two lines take 
A B = m, fig. 64, and a c = w, and join b c, and at 
the point c let us lead c D perpendicular to B c. The 
line A D is the line required. We have thus — 

rc2 = A B • A D orn* = 7M A-D ; or - = — . 

71 A D 

In the third construction desenbe a circle with any 



convenient radius, and draw to it a tangent A c = n, 
fig. 56, from the point a as centre, with a mdius equal 
to m ; describe an arc of circle which cuts the circle 
at B ; join a n. 

This line meets the cii-cle at n, and we have a d = jc, 

for the tangent, a r being mean proportional between 

the entire secant A B and its outer part a d. We have 

. , A B AC m n 
thus _ or — — 

AC A L> n AD 

To draw the Mean Proportional between Two given Straight 
Line! m and n (fig. 04). 

In the first construction, upon a .straight line a c 
set off two lengths, a d = 7i, a b = wi ; on the length 



A B = + 71, as diameter, describe a semicircle. At 

the point D raise a perpendicular to the line a b, which 
meets the circle at D. We tlien have d = d c • a d 
= in n ; and A c is then the mean proportional wanled. 
In the second construction, on the longest,' 7 ?r, of the 



two given Hues as diameter, describe a semicircle B D c 
(fig. 5 / ) ; let us take a length b a = 7 ^ ; at the point 
A raise a perpendicular a d. This perpendicular meets 
the circle at D; let us join B D; this is the mean 
proportional W'anted, for we have bd=:bc*ba = 

nif 71, 


To divide a Straight Line I (fig. 58) into Two Parti which 
are One to the Other ai Two given Squares C and C/ 

Mrst find two straight lines which are one to the 
other as the squares C and C'; we can then divide the 


given straight line into two parts, which are one to 
the other as these two straight lines. Make a right 
angle vox; take o a = c and o a' = c', c hnd c' 
being the sides of the given squares. Join a and 
from the point o drop o p perpendicular on this line. 
The triangle a o a' being a rectangle, we shall have 
A p ^ c2 c 

p a' 

It only remains to divide the line c into parts which 
are one to the other as the lines a p and p a', as 



• C 




ij^g. r>8. 

described in problem fig. 50. Next draw any straight 
line A R, upon which we take a^ l = I \ let us join 
A L, and through the point P let us lead p N pamllel to 

A Lj we shall then have ^ ^ The point N 

A N p A c' ^ 

divides then the length c in the ratio stated in the 
title to this problem. 

To divide a gives Straight Line A B (fig. 69) in Hean and 
Extreme Proportional (that is to lay, in Two Segmenti, 
such that the Greater may he the Mean Proportional 
Lin^***^ the Smaller and the Whole of the Straight 

Tills expression, say.s an able Continental geome- 
trician, to divide in mean and extreme proportional, 



Fig. 69. 

is evidently incorrect, but long custom or usage has 
sanctioned it. Without inquiring here by what 
course of alterations of text or corruptions of 
langjjpge it has been introduced into science, we will 
try* make its meaning clear to beginners. 
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THE OABPEITTEB AHD HIS TECHNICAL WOBK 

Its Obigin and Kaely PBoaBBSS— T h» Pbinciplbs 
AND Details of its Pbaoticb. 

CHAPTER XIV. 

Fig. 10, p. 13, vol. i., and fig. 1, Plate XIX., 
illustrate the system of joining timber together by 
what is called scarfing,” the joint a 6, fig. 10, 
p. 13, vol. i., being at an angle or oblique to the 
faces of beam to be joined. The joint is technically 
called a “ table,” and some forms of scarf joints (they 
are pretty numerous) have several tables : see fig. 3, 
Plate XIX. The two beams are secured at the joint 
by bolts and nuts, or by “ shrunk- on ” hoops of iron. 
To make the joint still more secure, in some modes of 
scarfing, keys of hard wood are driven into apertures 
cut in the tables of the sCiirf — one-half being in one, 
the other in second half of beam. This is illustmted 
in c and either as at d! in the centre or as at c in 
the corner of the s«irf, fig. 4, Plate XIX. Fig. 9, 
p. 13, vol. i., illustrates a mode of scarfing when the 
tables are parallel to the faces of beams. 

In fig. 3, Plate XIX., a a is the lower, h h the 
upper beam j the ends of each being cut so as to give 



Fig. 71. 


an iri'egular or oblique table,” as d d, finished off 
at the ends obliquely as shown. The two are secured 
together by bolts and nuts. The lower diagram, b, 
shows the two pieces separated and in section ; the 
letters of reference accented being the same as in the 
upper diagram. In this the single table of the method 
illustrated in fig. 10, p. 13, vol. i., is represented 
by a series of tables as d d, e e; these alternately 
projecting as d d! in the section in diagram B, 
and recessed as at e e', interlock, so to say, with 
one another, and thus prevent movement under 
pressure. The two are secured together by bolts 
and nuts, or by straps. The diagrams in fig. 4, 
Plate XIX., show a method sometimes adopted in 
this form of scarf -joint, a key, as c, being placed at 
the corner of the projecting point of the table h on 
beam a a. Keys are sometimes put in the flat part 
of tables of scarf-joints, as at d in beam e e, in 
diagram c, same figure. This method of keying 
may also be applied to the scarf-joint in fig. 70, 
as at the centre of the tables 6, \)\ or at the ends, as 
6, In this figure the upper diagram is elevation, 
showing method of securing the two beams together 
by bolts and nuts cc^d 4] the lower diagram shows 
the two separate and in section. 


Fig 11, p. 13, vol. i., upper diagram, illustrates a 
form of scarf-joint in which a horizontal table, as a a, 
is used with an oblique one at 5 5. A key, c, being 
put in at their point of junction, the two are secui*ed 
together by bolts and nuts, d e e. The lower dia- 
gram is section with beams separated. 

Concluding Bemarki on Scarfing or Lengthening of Beami. 

In the preceding paragi’aphs we gave descriptions 
and illustrations of different methods of lengthening 
beams, — that is, of making one long beam out of 
two short ones, — those being known as fishing and 
scarfing, the latter being the more generally employed. 
We now proceed to describe the methods employed 
for adding to the strength of beams, so as to enable 
them to carry heavier weights or sustain gieater 
pressures than those the strength due to their natural 
or given dimensions enables them to resist or bear. 
But before giving onr illustrations of these methods, 
it will be well to add to what we have already said 
in last chapter, on the subject of lengthening beams 
by fishing or scarfing, the following considerations. 
By giving the tables” or bearing surfaces of the 
joints, and adding the bolts and nuts or straps by 



which the pieces are bound, the two pieces of wood 
joined in this manner aie as solid .hs one piece 
of the same size made out of a single piece, provided 
always that the strain is given only in the direction 
of the length of the piece, becfiuse the joint is 
arranged in such a way as to resi.st a fonio of tension 
or pulling j ather than a strain of cross or tmnveise 
pressure. The surfaces of the tables are generally 
cut obliquely, and the cuts are kept together by a 
strong square oaken peg, which should press the 
faces firmly together. The pieces of the joint are 
united or held together by means of iron hoops, or, 
as we have already shown, by bolts and nuts. Gene- 
rally these hoops or bands are made to go round and 
embrace, the beams completely; sometimes in place 
of encircling hoops the bands are confined to plates 
or strips, which are placed on each side of the beam, 
as shown in fig. 72; a the iron plate or band, bolted 
to the beam. This is sometimes let into the beam 
or, as more generally adopted, simply laid on the 
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surface. There may be two, or even three of these 
plates, in the depth or side of the beam ; and in 
addition top or bottom plates may be used, as 
illustrated in fig. 73. In place of plain-surfaced 
‘‘tables,” or skewed or oblique surfaces being used 
in scfirfing, as in fig. 10, p. 13, vol. i., the faces of the 
tables are cut up into tenons and mortises as in fig. 3, 
Plate XIX., or fig. 11, p. 13, but this is only done in 
special wises. The first quality of a joint is great 
accuracy of fitting of the surface, and it is very 



lug. 73. 

difficult to cut quite exactly pieces so complicated. 
Generally the form of scarf- joint used is that with 
two inclined faces, as in fig. 10, p. 13, vol. L, 
taking care always to add hoops or bands of iron, 
as shown, or bolts and nuts as in fig. 9, p. 13, vol. i. 

When the pieces are intended to be placed ver- 
tically, they are joined by tenons and mortise.s, as 
shown in fig. 32, p. 191 ; and see pp. 138-9, 191, 
265-6. 

We have now shown in succession the principal 
joints used in carpentry. Custom will teach u.s how 
to modify their proportions according to the work 
that is to be executed, and with due regard to the 
quality of the wood employed. 

In executing joints we should never deviate from 
the rule which enjoins that the projections formed 
by the grooves and sections at the end of one piece 
that is to bo joined into another shall be according 
to the grain of the wood and without interruption, 
in order that no splinter may break away. Dove- 
tailed joints, and the form of scarf as in fig. 4, 
Plate XIX., are exceptions to this rule ; but we 
may rest assured that their length and the inclina- 
tion of their sections are such that there can be no 
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reason to fear the breaking off of any of their parts. 
A second rule which ought to be adhered to is that 
the divisions and grooves cut out to receive the joints 
must not have any part of the same kind weaker 
than the others, since they must all resist pressure 
equally. 

The Strengthening of Beams. 

We now turn our attention to the methods of 
strengthening beam^s, the first we take up coming 
under the term or designation of “ built beams.” 

When w'e wish to increase the strength of a beam 
which, besides its own w eight, has to support a load 


too heavy for its natural section or dimensioni^ wo 
have recourse to different methods which we are now 
going to point out. 

We might at first rest satisfied by placing a second 
beam by the side of a beam which is too weak, and 



Fig. 76. 

thus sharing the weight between the two ; but, in this 
case, the resistance of the two beams would be simply 
equal to the amount of the resistance of each. If, on 
the contrary, the pieces are united by well arranged 
and secured joints, or if they are bound together by 
bolts or hoops, in such a way that fi’om their union 
may be obtained a solid body, all the parts of which 
shall be conjointly liable, so as to remain in juxta- 
position at the time of bending without the possibility 
of slipping one against the other, we shall obtain 
a great increase. of strength. 

To obtain the result which we have just pointed 
out, we join pieces of wood in the form as shown in 



Fig. 76. 

fig. 76 ; but we must remark that the arrangement of 
the grooves is very important relatively to the effect 
which they are to produce. If we have two pieces of 
wood superposed one upon another, fis the beam a a 
upon h h (fig. 74), not fastened together, and sur- 
mounted by a weight placed in the middle, this load 
will make them ]^nd, as in cd (fig. 75); thus the 
points of the upper piece will have slipped over the 
under piece. It is this slipping which must be pre- 
vented by means of a joint, so as to give points of 
resistance, and we obtain this by making grooves 
like those represented from f U) g (fig. 76), and by 
securing the two pieces together by means of bolts. 
By this armngement the bolts are subjected to very 
little strain. It is easy to understand that if the 
grooves were made the contrary way, as in fig. 77, 
they would have no eftect ; we must therefore, before 
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fixing their position, take into account the amount of 
strain which they will have to resist. 

Practically it would be very difficult to make the 
grooves, such as we have just pointed out, with such 
precijjtfn that there shall be no space left between the 
facegroF the grooves. 
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THE EAHMEB A8 A lECHHICAL WOBKHAH. 

His Tools, Ihplbments, Machines and Materials. 

•—The Principles op his Work in its Various 

Departments. 

CHAFER VII. 

At conclusion of preceding chapter we referred to the 
importance of having soils in good condition, fitted 
for the growing of crops, that condition referring 
chiefiy to their divided or open and friable state. We 
shall see further on how the opening up of our soils 
to all the plant fosteiing and furthering infiuenoes 
affects the future of farming, and how closely it con- 
cerns the application of steam power to the prepara- 
tion of soils for seed-beds, of which new power we 
shall have yet somewhat to say. 

On the other hand, it is admitted on all hands, both 
by scientific and practical men, that fertilising sub- 
stances thus absorbed by the soil are given out, so to 
say, or are best separated or taken from them, by 
the action of the rootlets of plants, these having a 
far higher power of assimilation than water, or, 
indeed, any known agency. From this is deduced the 
practical fact that the greater the facilities we give 
to the rootlets of our plants for penetrating the soil, 
the greater is the supply of fertilising matter we 
give to them. Now, it is also obvious beyond a 
doubt that rootlets of plants will penetrate a soil the 
particles of which are loose and friable with much 
greater ease than when these particles are impacted, 
forming a hard mass more or less solid. And, as if to 
aid in this direction, it is a curious and a fortunate 
thing that the powei's of plant rootlets to extend 
themselves far into the soil in search of food is very 
gieat ; and it is a singular point worth noticing here, 
and one not altogether without its practical beaiing 
on the subject, that this power is developed in a 
different way in different plants according to their 
necessities, some having a tendency to send their roots 
deep down in a vertical direction, others in a lateral 
direction. A plant, or rather its rootlets, by which it 
draws to the main plant growing in the atmosphere 
the fertilising constituents contained in the soil, may 
be familiarly likened to a cow feeding in a pasture- 
field. As the cow eats up the at first abundant grass 
at one part, exhausting its supply of food, it moves on 
to another ; but the cow would starve if it remained ii^ 
one spot, seeing that if it did not go to the parts 
where there was plenty of grass, these fertile spots 
could not go to it. This appears to be an absurd, or, 
as some would say, a silly way of stating a self-evident 
fact ) it is not so, however, but conveys a lesson of 
the utmost value to the practical man. For how is 
it that, although it is just as evident that the rootlets 
of the plant must go in search of its food present 
in the soil, the soil possessed of these not going to it. 
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so little attention is paid by many farmera to tho 
condition of the soil giving facilities for the rootlets 
of the plant they grow to go to those parts of it 
in which their food is present ? Nay, we may further 
ask, how is it that, so far from giving this loose 
condition to the soil in which it is possible, to say the 
least, for plants to penetrate it, many farmers carry 
out from year to year methods of cultivation which of 
necessity create, or have a tendency to create, that 
very state of the soil through which it is imi)ossiblo 
for the plants to penetrate at all 1 

Influence of the Meohanio&l Condition of the Boil on the 
Absorbing Power of Plant Bootlets. — Pulverisation of the 
Boil.— Tilth and Plant Bootlets. 

We shall see, when we come to investigate the 
action of the plough, in explaining its consti uction, 
how a method of working it actually produces this 
very condition of the soil, by the creation of what is 
technically called the ‘‘ pan.” This, by the continued 
action of the plough, season after season, gets so hard 
set and compressed that it virtually limits the depth 
of root penetration. And this depth, beyond all 
doubt, is far within the limits to which even those 
plants uhich have the laist development of vertical 
root growth naturally would go. The further we go, 
indeed, into tl»o practical points of farming, the more 
we shall find the dependence of one process and result 
upon another — forming a chain, so to say, of which 
it is dangerous to destroy or wefiken a single link. 

This point of pulverisation or porosity of the soil, 
through mecdianical as well as atmospheric pulverisa- 
tion, is one, therefore, of the utmost practical import- 
ance, claiming to receive, what it has not generally 
amongst fatniers received, that degree of attention 
which is its due. Let it be remembered also, as one of 
the features of this point, that a condition of the soil 
which prevents the rootlets of a plant penetrating the 
soil to the utmo.st extent of its root development — 
each plant has got its own measure or natural length 
of rootlets— acts mischievously in two ways. First, by 
depi’iving it -t fertilising constituents which it would 
obtain if its rootlets could reach them ; and, second, 
by exhausting tlie power of the plant through its very 
endeavours to penetrate the hard, unyielding soil. All 
rootlets are extended or gi'ow by the formation of a 
number of cells, each of wliich is produced at the 
extremity of the rootlet. If a rootlet, therefore, or 
pi'Operly speaking a cell, penetrates the soil, it is 
obvious that it must exert a force superior to the 
cohesive power of the soil— or, in other words, must 
exercise a greater power than the soil possesses to 
resist penetration. So much of the inherently vital 
force of the rootlet must therefore have been ex- 
hausted by its efforts to penetrate a soil which oflers 
a certain i-osistance to penetration. This force or 
vital energy of the rootlet may be such that it may 
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penetrate the soil, but this may be so exhausted that 
it cannot extend far beyond ; while it may be so far 
ehort of the power necessary to penetrate the barrier 
that it cannot do so at all, stopping short of the ob- 
stacle ; or it may penetrate it, but be able to do no 
more. Any one who has studied closely the pheno- 
mena of plant growth and culture must have noticed, 
amidst the curious and highly interesting facts which 
observation shows, how a rootlet is stopped in its de- 
velopment by some obstacle in its way, while another 
keeps on penetrating the soil. 

Stirring of the Soil.— Beep Cnlture.— What it Involve!. 

This point, here dwelt upon at some length, Is, as 
we have s vid, of the utmost practical importance ; we 
should not, indeed, be far wrong if we said that it lies 
at the very root of the (juestion which affects the future 
increase of the fertility of the soil of this country. 
For that it can be even greatly inorejised is a position 
in which there is a general consensus of opinion 
amongst scientific and thoroughly practical men. We 
shall have occasion, in describing steam cultivating 
mechanism, in the series of papers entitled ‘^The 
Agricultural Implement Maker,” to draw attention to 
the subject of deep cultivation — or, to put it more 
correctly, deep stirring of the soil — and to show the 
great power which steam culture gives to the farmer 
to increase the fertility of his soils. And it is just 
in relation to the office which the rootlets of plants 
perform, that deep stirring of the soil by steam power 
offers such great practical service. But it is right 
here to note that we use the words “ deep stirring ” 
of the soil with predetei mined purpose, order in to 
denote that it is quite a different operation from that 
to which the name of deep culture ” has been given. 
As a rule, the latter term involves in the minds of 
most men the idea of first stirring the deep-seated 
soil — or subsoil, as it is termed, as it normally lies 
under the soil which is usually worked — and thereafter 
bringing it up to, so as to be mixed with the soil of the 
upper surface. Now, ‘‘ deep stirrh g ” of the soil may 
include this latter point ; but it also includes the stir- 
ring of the soil in aitu^ or its natural position — that is, 
merely adding to its porosity where it lies, not bring- 
ing it at all to the surface— although, os said above, 
this primary operation may be carried a stage further, 
to the secondary one of bringing it up and mixing it 
with the ordinary or surface soil. But, as all practical 
men know, this mixing of it is frequently productive 
of mischievous results— often so mischievous th'at they 
have created a strong prejudice in the minds of 
farmers against having anything to do with methods 
which propose to touch the sub- or deep-lying soil at 
all. Such men have yet to learn that deep ‘‘stirring ” 
of the soil does not of necessity involve any bringing 
of it to the surface, and that it offers, besides other 


advantages yet to be noticed, the great one of enabling 
the rootlets of plants to penetrate the soil. Such men 
have also yet to learn much, if not all, of what this soil- 
penetrating power of plants involves. There is no 
absolute necessity to bring deep-stirred soil to the sur- 
face — an operation which many practical men look upon 
with dread, and which it is only right to say, if done 
at all must be done thoughtfully, with the greatest 
caution. One of the most practical of our cultivators, 
who has had more experience in land cultui*e than 
most men, states that if any sub- or underlying soil 
be “ properly loosened ” or made porous throughout, 
there is no necessity to bring it to the surface at all. 
And he is right; for, apart from the other advan- 
tages flowing from this system of culture, it puts the 
soil in the best condition to enable the rootlets of the 
plants to penetrate it. 

The Condition of the Boil in Relation to certain of iti 
Fertiliiing Inorganic Constituent!. 

We have still further to point out that of the inor- 
ganic substances in the soil, some require to be placed 
for a long time under the atmospheric influences 
before they can be put in a condition, so to say, in 
which they can be made valuable for the ftod of 
plants ; but it is also noticeable that ^is change is 
much more rapidly brought about when the soil is in 
a good mechanical condition — tliat is, loose and friable 
— than w'hon it is in the opposite condition. Now, it 
so happens that the most active ngent in thus quickly 
changing the condition of those inorganic constituents 
from an inert to an active condition, is that which is 
brought most quickly and favourably into play when 
the soil is in this open condition. But this open 
condition brings into favourable operation causes 
which add greatly to the fertility of the soil other 
than those already named — such as the influence of 
the atmospheric heat on the surface of the soil where 
it is beneficial, tlie evaporation of stagnant water, 
the deposition of dews, and the rapid and healthy 
germination of seeds. 

Influence of the Condition of the Boil in the Germination of the 
Beedi of Plants.— Praotioal Importance of this Point. 

The last-named point, the influence which a soil 
in a good mechanical condition (that is, porous or 
pulverised) exercises upon the germination of the 
seed, is one of great — indeed, seeing that the seed 
is the germ or point from which all succeeding results 
flow, or from which the various processes start, it 
may be said to be of the greatest— importance. It is 
necessary to glance at what constitutes the conditions 
of the question. These are often overlooked, but it 
is difficult to overestimate the weight or extent of 
the influence which a right understanding of them 
has upon the questions connected with the design and 
commotion of mechanical aids to soil preparation. 
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XHE 8T0XX XASOH AS A TECHHIOAI WOltXEB. 

Tbb Pbtnoiplbs abd Peaotiob of, and the 
MATEBIALS he employs in, HIB WOBK. 

CHAPTER XIII. 

Aroli Xonldinff (continued). 

Fig, 84 is section one-fourth full size — ^three inches to 
the foot — of another set of mouldings from an arched 
doorway, fig. 85 being part elevation of the same. 

The Stonework of Windowi okiefly in the Gothic Style — 
XnlUoas—Wixiaow Hesdi, Side or Quoin Bresiingc, etc. 

In many forms of windows, especially in one or 
other of the varieties of the Gothic as applied to 
domestic architecture, the window “ void ” is filled up 



with moulded astragals, so as to divide the space into 
two, three, or four equal divisions or ** lights,” accord- 
ing to the width of window opening, each division 
having its own window framing for glass. In the Gothic 
styles the window “ voids ” or openings are provided 
with stone dressings placed ** quoin ” fashion in ** longs 
and shorts,” as in fig. 26 -~or shown in fig. 86— which is 
the lower right-hand comer of a window in “ Domestic 
Gothic ” style, divided into four divisions by a central 
vertical bar, or astragal, a and a horizontal bar, 
part of which is shown at 5, in fig. 1, Plate III. The 
junction of the four bars is shown in the diagram to 
the left of h. Tl^ia fig. 1, Plate III., is part elevation 
of the upper part of window, to the right hand. In 
fig. 1, Plate III., the window head, or moulded part 
which runs along the top, and is returned for some 
distance down e^ side is shown, fig. 3, Plate III., 
being a vertical section. 

Fig. 2, Plate III., is the drip termination of a 


window head in the Domestic Gothic ” style, a section 
being given in the upper part of the figure. In fig. 87 



we give a drawing showing elevation of junction of 
horizontal and vertical bars — to an enlarged scale— 



88 showing junction of upper end of vertical 
bar with the centro of the window head, part of which 
is in elevation on fig* 1, Plate III. 
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fEE BBICKLATEB OB BBICXSETIEB. 

Tai PBIKOXJPLM AND PBACTICAL DETAILS OF HIS WOBK. 

CHAPTER X. 

PouBTsaK mcfa, or briok-and-a-balf, as named at end of 
preceding chapter, is the thickness generally adopted 
in the better class of work. All walls are, as already 
stat^, erected in a series of layers of bricks on bed,’* 
each layer being termed a course. However high the 
wall, there are only two kinds or classes of courses ; 
these being repeated alternately from bottom to top 
of waD till it is completed. The lowest course, 
or that which rests upon the ground, is called the 
first course,” the next above it the second course ** ; 
and, as just now said, these are repeated alternately 
throughout the whole height of wail. 

FonndatioiL or Lower Oonries of Walli. 

We have said that the first course rests upon the 
ground ] but this is never the case, except in exceed- 
ingly poor work, or in cases where the foundation is 
exceptionally dry and firm, as in the case of rock, 
which being “ benched out ” — that is, cut into terrace, 
shaped narts in order to secure the proper level — the 



Fig. 14. 

walls may start at once from the rocky surface. But 
in nine cases out of ten the soil or site upon which a 
wall is built is of such a nature that special founda- 
tions require to be made, upon which the super- 
structure rests or is built. The lower part of the 
wall is so formed as to be part of the foundation, 
and is made much wider or thicker from interior to 
exterior surface, in order to secure a good broad bearing 
surface, to resist the weight or pressure of the upper 
walk This increased width or thickness is obtained 
by a aeries of step-like projections, termed ** offsets,” 
as shown in the diagram in fig. 14, at a, a, a. These 
are, of course, of depth equal to a course of brickwork, 
and generally of such a width as to project a distance 
equal to half a brick, or sometimes a quarter of a 
brick. This latter is, however, too narrow, and should 
not be adopted, the object being to spread out the 
foundation so as to have as wide a “ be^ng surface ” 
as possible. (On the extreme value of a good bearing 
surface for all heaVy superstructures to rest upon, 
some remarks will be found in the series of papers 
entitled ^*The Stone Mason.”) Part of the upper 
wall is shown at h &, and the line e separating 
this from the lower part — which is termed the " foot- 


ing ” or ** footings ” of the wall— -indicates the point 
at which the ** damp-proof course ” (see ** The Sani- 
tary Architect ” and Stone Mason ”) is built in, 
being a little above the ground level. The joists or 
fiooring beams of the fioor — supposing the wall is 
that of a house — are in inferior work made to rest 
upon the upper surface of the ** offset ” or projecting 
part nearest the surface of the ground, as at a' ; but 
in superior work it is the custom to rest the timber 



Fig. 16 . 

joists upon small piers of brickwork which are made 
at intervals along the footings corresponding to the 
distance between the joists. 

Fieri or Bearing Walli for Joii ti at Foundation Oonriea. 

The method of forming those piers or bearing walls 
for timber joists is illustrated in fig. 15, in which a a 
is supposed to be vertical section of part of the out- 
side wall, with its footings e as at a a in diagram 
fig. 14. The footings e are carried out at intervals — 
as at /and / in plan — along the length of wall, corre- 
sponding to the distance between the timbers to be 



whole length of walls on the sides at which the joists 
terminate. Those footings carry the piers, or bearing 
wall g, in plan g\ which projects sufficiently far from 
the ^1 as to give a good length of bearing — say 
nine inches to the end of the joist or beam h. The 
upper surface should be some distance above the 
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ground level so as to throw the boarding floor above 
the ground — and afford a clear, dry, vacant space, as 
y, below the joists and flooring. Two steps — three 
or four are better — ^from ground level i to level of 
floor of lobby of house will give the height desired of 
floor surface above that of external ground, and 



stretchers,’’ one at front o c, the other at back d d, 
with a row of ** headers,” e e, at right angles between 
them, two half-brick closers, / and p, being used at the 
end. In flg. 19 we give the plan of the course 
where the footing is of three courses, as 1, 2 and 3 in 
flg. 16 (ante). In flg. 19 the dotted outline repre- 
sents the course 1 2 3 4 given in flg. 18; here the 
course is equal to two and a half bricks in width or 
depth from front to back, and is made up of two 
rows of “ headers,” one at front, as b b b, one at back, 
as c c c, with a row of “ stretchers,” as d cf , between, 
and running at right angles to them, e, e, are two 
half-brick " closers,” with a quarter brick closer at/ 


Fig. 17. 

thus secure a dry foundation (see “The Sanitary 
Architect’'). In fig. 16 we give the section of a 
thicker wall, a a, than in diagram a a h in fig. 15, 
with deeper and wider footings, h 6, the offsets, as c c, 
being four in number. The lines of* bearing wall d d, 
or of piers, aro shown at e e\ f f being part of a 
girder or binding joist. 

** Footiagi or Foundation Couroei of a Vino-Inoh or One- 
Briok Wall, with different << Offset! ” or Courses. 

In fig. 17 we give the plan of “footing” for a 
“ nine-inch ” wall — that is, one brick length in thick- 
ness— which is that of the upper wall borne by, or 
resting upon, the footing shown in the drawing. The 
first course of this nine-inch wall is shown by the dotted 
line a a. The “ footing” course is made up of a line 




Fig, 18. 


Fig. 19. 

In like manner, we may proceed, as in fig. 20, to show 
a fourth course, where the footing has four offsets and 
four coui'ses, as at 1 2 3 4, fig. 16. Here again the 
dotted outline a a aa may be supposed to represent 
the position of the course illustrated in fig. 19, and of 
which the outline is 1 2 3 4, corresponding to a a a a, 
fig. 20. The course in this figure which forms the 
lowest or base course of the supposed four-course 
footing, is made up of three distinct rows, on each of 
which two “stretchers,” as b b, alternate with a 
“ header,” as c c ; the front row “ stretcher ” being 
d df the back rpw / / the “ headers ” being respect- 
ively e e and g g ; h, % and j being half-brick 
“ closers.” 


of “stretchers,” b b b, with a set of “headers,” 
c c, behind — at right angles to them — thus making 
a course equal to a brick and a half in width. This 
gives one “offset” only to the footing, as at a a' in 
fig. 15. If there are to be two “offsets” to, that is 
two courses in the “ footing,” the course below that in 
fig. 17 is showm arranged as regards bond in fig. 18, 
which with a two-course footing giving two offsets 
and two courses, as 1, 2, in fig. 16, obviously fonns 
the lower course, fig. 17 being the upper course 
of the footing as a whole. In fig. 18 the dotted 
outline a a a a gives the position of the second or 
upper course— namely, that in fig. 17— a o a a, fig. 18, 
corresponding to 1 2 3 4, fig. 17 — ^while the outline 
h b h b in fig. 18 shows the position of the first 
course of upper wall, corresponding tp a a a a in 
fig. 17. The course in flg. 18 is equal to a brick and 
a half in width, and made up of two outside lines of 



Varistiss of Walls in Brickwork. 

Walb of brickwork may be classed aa follows; — 
straight-running walb or open walb, finished 
squiM or flush at the ends— as, for example, in garden 
wall a a, flg, 21. 
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AM4UI IROIKT M*AKK&* 

Thjb Details of his Work aud the Pbi::oiples of its 
Processes. 

CHAPTER VI. 

The ores of ii*on are met with in great abundance in 
our country, and generally within comparatively easy 
working reach of the earth’s surface, • although at 
times they lie so near it that in some places they 
actually crop out at it, and are to be had for the mere 
lifting. It was deposits of this kind which no doubt 
tempted the curiosity or compelled the attention, so 
to say, of the early inhabitants of this country, leading 
them to a knowledge of its characteristics and thereby 
of some of its uses. 

Up to within a very recent period — dating from 
the firm establishment of the railway system and 
other means of ready access to different parts of the 
country — our supply of iron was very limited, so far 
as kinds or varieties went. Practically, indeed, the 
iron masters of this country were dependent at one 
time upon the ores found in connection with our coal 
deposits. The combination of the coal measures and 
our ironstone deposits was one of those happy 
natural circumstances, almost compelling, so to say, 
prosperity to both trades, of which our highly 
favoured country can give more than one instance in 
its social and commercial history. These iron ore 
deposits were long known as the clay ironstone 
measures, from being found in the bands or seams of 
clay permeating the coal fields ; otherwise, in a more 
scientific nomenclature, they are called carbonates of 
iron. They were, and are, found in great abundance, 
most frequently in the form of small lumps or 
nodules ; hence the name, ivonatoneJ* The ore is, 
however, found in the form of bands or seams. As 
we have said, this clay ironstone— or carbonate of 
ii’on — was literally the souice fi'om which the iron 
trade derived its sole supplies of ore, during by for 
the largest period of what may be called the first active 
era of our iron manufacture. Early in the present 
century, what is called the Black- band ” — another 
carbonate of iron — ore was discovered j so called, we 
presume, from the fact that, although like the 
clay ironstones found in connection with the coal 
measures, it contains specifically a large amount of 
coaly or carbonaceous matter, which gives to the ore 
a dark appearance, different from the greyish-blue of 
the clay ironstone. The chief localea of these two 
great classes of iron ore are in Staffordshire, War- 
wickshire, parts of Yorkshiie, South Wales, and in 
Scotland. The Black-band may almost be called a 
Scotch ore— its abundance in the western part, near 
Glasgow, having given the Scottish iron trade its 
greatest modem development. 

The following analyses show the constituents of the 


two representatives of the carbonates of iron — ^the last 
named percentage of the two given after each cou^ 
stituent being the Black-band : — Protoxide of iron, 
41*03, 48*66 ; Alumina, *23 ; Olay, 1*21 ; Protoxide of 
manganese, *55, 1*21 ; Lime, 2*83, 1*69 ; Magnesia, 
3*11, 2*61 ; Carbonic acid, 28*49, 33*0 ; Moisture, *57, 
•25 ; Combined water, 1*36 ; Phosphoric acid, *70, *58 ; 
Organic matter, *07, 11*01 ; Soluble silica, *27. 

The following are the constituents insoluble in 
acids in the clay ironstone : — Silica, 13*08 ; Alumina, 
5*56 ; Peroxide of iron, *41 ; Lime, *17 ; Magnesia, 
*25 ; Potash, *86. The percentage of metallic iron in 
the clay ironstone above analysed was 32*18 ; of the 
Black-band 37*80. Of the carbonates of the bulk of 
the ores passed into the furnace, the yield may be 
taken at an average of only from 25 to 30 per cent. 
The yield of richer ores, such as the red hscmatite 
now so largely used, is much higher — on an average 
from 50 to 55 per cent. 

But although for a long period — up to within, 
let us say, the last forty years — our iron trade 
depended for its supply of ores upon the clay iron- 
stones and the Black-band carbonates, the existence 
of richer ores was not unknown. These latter were 
only used, as a rule, to a most limited extent ; and 
it was not till rapid, cheap, and easy conveyance 
by railway was firmly established, that their use be- 
came general. The red haematites, for example, in one 
sense the richest of our native iron ores, once scarcely 
known out of and but comparatively little used in 
Lancashire and Cumberland, their chief localities, axe 
now used everywhere, and have in their own special 
districts given rise to an enormous trade, the chief 
centres of which are large cities and populous district^ 
such as Barrow-in-Furness. The discovery of the oolitio 
ore in the Cleveland district of Yorkshire, found in suoli 
enormous masses there, has given rise to a marvel- 
lously developed trade, and a name to the district which 
has made the term “ Cleveland iron district ” household 
words in all the world where scientific and practical 
metallurgists are found. The ** Cleveland,” which is 
a mixture of a green carbonate with a little silicate 
of iron, is a poor ore, being largely mixed with de- 
basing constituents such as phosphorus. But it ia 
cheaply got, being partly worked from the surface^ 
partly from below, the bed being of extraoidinary 
thickness, and therefore costs little as compared with 
the ores of other districts, such as those of the 
carbonates of Staffordshire or of South Wales. But 
the iron trade of the present day is distinguished 
not merely by its using a variety of ores other than 
those specially got in what might be called their 
home localities, for foreign ores are now bought in 
large quantities in this country. The presiding cause 
of all this activity, the effects of which are felt in the 
most distant countries where rich iron ores are to he 
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hMl, is beyond doubt the revolutian in the trade caused 
by the discovery of the Bessemer and kindred processes. 

The following are analyses of the leading ores 
now used in this country, other than the carbonates 
already named and described. We shall take the 
cues of the Cleveland district named above as repre- 
sentative of what may be called the most important 
of our ores after the carbonates ; and whidi certainly 
have given rise to one of the moat active and popu- 
lous of our iron-making districts. 

The Cleveland ores are also, perhaps, worthy of 
this distinction for another reason— which distinction 
after all is purely arbitrary and carries with it no 
point of practical imp(»tance save that connected 
with the classification or order in which we name 
our own country or what may be called British ores. 
The reason here alluded to is the fact that it was in 
connection with the Cleveland ores that the new pro- 
cess known as the Thomas- Gilchrist was first worked 
practically out ; and they are still, in fact, the chief 
ores with which it operates. We have said that 
all our ores are more or less mixed with debasing 
elements, the presence of which tends to deteriorate 
the value for constructive purposes of their }rield of 
metallic iron. Of those debasing elements the most 
vicious, so to say, are the phosphorus and sulphur ; 
and of these two the phosphorus is the worst* Now, 
while all our ores are more or less tainted with these 
elements, Cleveland ores, abundant as they are, easily 
worked or mined,” and therefore cheap per ee, are, 
as we have said, poor, or in other words unfortu- 
nately rich in debasing elements. Their percentage 
of phosphorus and sulphur is so high that they have 
been practically excluded from all the advantages of 
the new processes of steel making, such as the 
** Bessemer ” or Siemens ” or Siemens-Martin.” 

Hence the vast importance to the Cleveland iron 
masters of any system of working by which the ores 
eould be so treated as to render their phosphorus 
and sulphur so innocuous as to get rid of them, so 
that the new steel processes could be applied to them. 
It is obvious that, being in the first instance abundant 
and cheap, any such system would add enormously to 
their value, giving a product which, in place of being 
if not the very lowest in price of any ** pig-iron ” in 
the market, certainly amongst the lowest, is at once 
raised enormously in value. Hence, not merely with 
special reference to the Cleveland, but having in view 
the importance of raising the value of all other ores 
in which debasing elements are more or less but 
always present, the eagerness with which practical 
and sdentifio metallurgists have been for a long time 
endeavouring to find out a method of so treating ores 
as to get rid of tke evil effects of the debasing 
elements. It was reserved for two mmi, both of whom 
were in years young— -one, alas t Mr. Thomas, was 


taken from our midst in the very prime of' life— and 
neither the one nor the other in any way primarily 
connected with the iron trade, to have discovered a 
method of so treating ores that from such as those 
of the Cleveland district a new or mild steel like that 
of the Bessemer process should result. It is not here 
claimed for Messrs. Thomas and Gilchrist that they 
alone have solved the problem which has engaged the 
attention of so many men for so long,-^ther claimants 
for other systems have, and others may yet, come for- 
ward, — all that we claim to Lave the right to say is, 
that the method discovered by those gentlemen is the 
first which has proved itself commercially successful. 
In making it thus they had the good fortune to become 
associated with Mr. Biobards, the engineer of one of 
the largest iron making establishments in the world — 
that of Messrs. Bolckow and Vaughan, near Middles- 
brough in the Cleveland district. 

Trusting to the ability no less than to the 
prudence of this engineer, this wealthy company 
paid special attention to the working of the Thomas- 
Gilchrist process, and so that they in a short time 
proved that it was well worthy of forming a part of 
their regular working. Visitors to those celebrated 
works can now see the pig-iron of the Cleveland 
ores, taken direct from the blast furnace to the 
** Bessemer converter,” changed into a mild steel of 
a vastly greater money value per ton; and if they 
have time and patience at their disposal — and not 
much of either will be called for, so short is the 
actual time — they will see this steel rolled into long 
rails, some hundred and fifty feet long, then cut 
into the shorter lengths, thereafter drilled with 
holes for the bolts of the “ fishing joints,” and passed 
aside ready to be shipped and used. There are 
vast capabilities Jm this new process, of which the 
reader may. rest assured that, if space permits, we 
shall place before him full details ; and it is this im- 
portance which justifies our dwelling upon the Cleve- 
land ores, which have been the means of giving it the 
first place in the high position it now takes amongst 
the practical working systems of iron and steel making. 

We are now prepared to give the analysis of 
a Cleveland iron ore. The ores of this district are 
generally classed as the Oolitic ores, being found 
in the geological formation bearing that name. The 
ores of the counties of Northampton and Wilts 
belong also to this class; as do also those found 
in ' Lincolnshire to some extent, and to a much less 
extent in Oxfordshire. Following the order of the 
analyses of the carbonates already given, we take the 
constituents as thus: Protoxide of iron, 39*92; 
Alumina, 7*86 ; Protoxide of manganese, *95 ; Lime, 
7*44 ; Magnesia, 3*82 ; Carbonic , acid, 22*85 ; Com- 
binei|water, 2*97; Phosphoric add, 1*86; Organic 
mfttw, *03; Silica soluble, 7*12. 
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Thb Bbtaxlb of hib Wohk— Thk Pbinoiplks op its 

Pbooessbs— Thb Qualities and Chabaotbbistigs of 

ITS Pboduots. 

CHAPTEE VIIL 

At the end of last chapter we stated that the fracture 
of blistered steel bars was easy compared with that of 
a bar of puddled or wrought iron — ^that it was divided 
more by breaking than by rupture, just as we have to 
tear asunder or separate by stretching out the fibres of 
a cord of flax, wool, or cotton, when we can break across 
a stick of ^rd sealing-wax by simply snapping it 
asunder. When we examine the bar of wrought iron 
ruptured or tom asunder, we see at once the fibrous 
character of the mass; when we break a bar of 
blistered steel we see its granulated constitution, 
crystalline, and of a bright metallic, almost white 
lustre. The grains or crystals are large in proportion 
to the degree to which the carbonisation has been 
carried out. But the change in the character of the 
metal does not rest with the change in the constituent 
molecules: there is as complete a change in what 
may be called its special characteristics. It is capable 
of being hammered, rolled, or drawn out like the 
original wrought iron; but it is further capable of 
being hardened and tempered after being wrought 
into any desired form, and brought to a fine cutting 
edge, permanent under proper usage. 

The Oementation ProosM of making Steel— Its Theory. 

The way in which these singular charges are effected 
by the operation of the cementation process is not abso- 
lutely known. The most probable theory is this ; and 
it is based upon, and the phenomena to a large extent 
proved by, the experiments of Dr. Graham, who 
showed that metals, and amongst them iron, are 
capable of being permeated by certain gases, the 
operation being facilitated by the application of heat. 
The original or wrought iron in its decarbonised con- 
dition placed in the cementation chest is surrounded 
by or may be said to be placed in a bath of charcoal, 
liiis charcoal is a source from which a large supply of 
carbon may be drawn ; and this the charcoal readily 
enough gives out or up. 'fhe outer skin or fibre of 
the bar absorbs or takes up this, or is, as Dr. Graham’s 
experiments show, permeated by the carbon, which 
forces itself, as it were, into the molecules of the iron. 
This is supposed to extend only to a certain, and this 
' a small depth. But while the molecules of the iron 
readily take up or absorb this carbon, they as readily 
give it out. The result of this is supposed to be that 
the carbon taken up by the first or outer film of the bar 
is taken out or given up by the film next in sequence 
to the first carbonised film. But the first film, thus 
— ^for a time only — deprived of its carbon, takes up 
immediately from the charcoal surrounding it a second 


dose of carbon. This goes on till at last the central 
core or part of the bar is reached. We conceive of 
this process as in fact one in which a certain amount 
of carbon has a tendency to travel to or be drawn 
forward to the central port or core of the bar; the pro- 
gress being made by a series of progressive movements 
made at intervals. A popular notion of the process 
may be conceived by supposing the bar to be a iuimis of 
dry porous material, which is capable of absorbing 
moisture, or which can be penetrated by a stream of 
vapour-moisture which we can easily conceive to be 
projected or forced in the direction of the central 
core of the bar. As one zone receives its portion of 
moisture, it gives it up to the next zone nearer to 
the centre ; the first zone receiving another volume of 
moisture from its original source, taking the place of 
that which it gave up to the second zone. This goes 
on with each successive zone till the central core is 
reached, which finally takes up the moisture from the 
last of the zones surrounding it. We have thus a 
series of zones alternately receiving and giving up, till 
an equilibrium is restored, and the whole mass be- 
comes moist. Such is probably the most scientifically 
correct theoiy accounting for the change which takes 
place in the character of the metal submitted to the 
cementation process ; there is, of course, much of con- 
jecture in it, although based upon apparently sound 
deductions from experiment. 

But whether or no the carbon is conveyed to the 
different parts of the steel bar in the way here ex- 
plained, the fact that it is conveyed in one way or 
other is none the less striking and suggestive. Sug- 
gestive, however, of difficulties; for although it is 
carried in some way or another, the precise nature of 
which we do not absolutely know, the fact does not 
not account for the singular change in the metal 
which gives it characteristics so altogether and so 
singularly different from those which it possessed 
before oementation. In view of all the difficulties in 
the way of saying or deciding positively how the 
change is brought about, not a few of our able 
scientific men prefer to refrain from propounding or 
accepting theories, and to say fmnkly that all we know 
is that we know nothing definitely, — all that is left 
us being conjecture, and that mere conjecture is not 
scientific, which deals only with facts which we know, 
though it may lead to something which may lay claim 
to be essentially scientific. 

But if the reader will consider the conditions in 
which the process of cementation is carried out, as vro 
have described it, he will perceive that even if this 
system of permeation by an absorption of the carbon 
is carried out as above stated, there ought to be — 
and we know in practice that there is — a great in- 
equality in the way in which the carbon is taken 
up. l^e carbon in the charcoal is a fixed quantity, 
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and it is not possible to conceive that it can give 
out more than it possesses ; the zone of anjr bar 
nearest the surface, or, as we may call it. No. 1, will 
receive a larger amount of the carbon than the zone 
farthest fiom the outside, and which we* may desig- 
nate as No. 7 ) No. 3, or the middle zone, receiving 
a portion between that received by the first and 
second. The theory we have already explained may 
meet this difficulty ; but it will do so by assuming 
that each zone gives out to its next neighbour, or, 
so to say, passes on to it, the whole amount of 
the carbon it receives. This may be, but it is not 
likely in view of actual facts. But even granting 
that it can give up all it gets, this does not meet the 
difficulty arising from the fact that the different zones 
will have difierent absorptive powers, one zone taking 
up more carbon than another. Nay, each zone may 
have difierent parts of it having difierent absorbent 
powers, so that there may be difierent values of steel 
at difierent parts of its length. We know that this 
difierence of absorptive powers must exist in the bars; 
for at least it would be a dangerous thing to say that 
any one bar was perfectly homogeneous or of uniform 
quality throughout. Differing itself in constitution, it 
will give difierent ab.^orptive powers at the differing 
parts. 

Bhear Bteel. 

But a metal to be useful in all the circumstances of 
its use must be of uniform quality, so that it will be a 
matter of indifference what part of it be taken for 
working, as all will be alike. But this uniformity is 
rarely arrived at in steel obtained from the cementation 
process, and this, so far as we can conjecture, for the 
reasons wo have stated. Hence the object of the 
steel maker is to secure a metal as uniform in quality 
throughout as he can obtain. This he does upon the 
same principle on which the wool spinner obtains a 
blend or quality in the mixture desired by taking 
fibres of different value and characteristics and mixing 
them thoroughly by means of appropriate mechanism 
and appliances. The steel maker therefore takes bars 
of steel produced in the cementation process, and all 
of which he pretty generally concludes not only differ 
in precise vsdue from other bars, but that each bar 
is in itself of unequal quality, one part of its length 
differing from another part of its length. The cut 
portions if huddled together would represent a mass 
of very varying materials : one part might lie next to 
another part, each part having in excess some consti- 
tuent or quality which the other lacked ; a mixture of 
those two would obviously give, if it were thorough 
and complete, a quality pretty nearly approaching that 
whicli might be desired. This mixture, so to call it, of 
the parts of different bai's is made by the steel maker, 
by taking a number, tying or packing them together 
in bundles called technv^y ** faggots,*’ and placing 


them under the action of a high temperature till a white 
or welding heat ” is obtained. Each faggot is taken 
out of the furnace and hammered out by a powerful 
hammer, giving such a high number of blows per 
minute — 300 to 400 — that the temperature is main- 
tained by the mere heat evolved by the percussion. 
This gives a product known as shear steel,” — not from 
the fact, as some supppose, that it is used for shears 
or large scissors making, but from the fact that it is 
made from bars cut, shorn, or divided. And the 
value of the shear steel ” is indicated by the num- 
ber of times the bars are cut or shorn, faggoted, 
welded and hammered out. In all cases after the 
hammering is completed the mass is taken out and 
rolled into bars. The bars of the first process are 
then cut, faggoted, welded and hammered, and finally 
rolled into bars. According to the number of times 
this process is repeated is the product named — the 
qualities being known in the trade as “ shear steel,” 

single shear steel,” double shear steel.” 

But although by this process now described a metal 
is obtained pretty uniform in quality, it is far from 
possessing that homogeneity which steel of the highest 
quality, used for cutting instruments of the finest 
kind, should have : this quality, which oombines the 
two qualities of extreme toughness and hardness, is 
and can only be obtained by a mixture infinitely more 
complete than can possibly bo had from a process 
which is so largely mechanical as that of cutting and 
faggoting last described. The process of mixture thus 
explained can only be got by a fluid mixture — that is, 
by melting the different lengths of the cut bars of the 
cementation process. This melting is carried out in 
crucibles ; hence the term “ crucible steel ” as indi- 
cating that of the finest steel produced. 

Omoible Bteel. 

The crucibles i&ed in the making of this steel of the 
highest quality are made of a very refractory material : 
a mixture of fire-clay — which material forms its prin- 
cipal bulk — with ashes and potsherds reduced to 
powder. The crucibles are of various sizes, capable of 
holding from thirty-five to eighty pounds. Ordinary 
dimensions are sixteen to eighteen inches in height, 
some five to seven in diameter at the mouth and 
bottom ; the sides bellying out with something like a 
parabolic curve, giving a diameter at the widest part, 
at a point about one-third of the whole height from 
the bottom, a little in excess of the diameter at 
bottom. Eefractory as are the materials of which they 
are made, from the high temperatures to which th^ 
are exposed as well as from the somewhat rough treat- 
ment — on account of the weight — in handling, there 
is a very large percentage of loss through breakage. 
This, with the great consumption of fuel necessary to 
keep im the high heat required, makes the process 
of crumle steel making a very costly one. 
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THE PRBPAEATIOK OF WOBKIKO DRAWINOS, OF SPECflFI- 

0AT10N8, AND CONTRAOTS FOR WORK. 

CHAPTER X. 

At the conclusion of last chapter we pointed out the 
necessity there is that the young architect should 
possess a thorough knowledge of timber used in con- 
struction. If ignorant of its qualities and character- 
istics he might design woodwork which is to be 
exposed to the weather of timber only suited for 
indoor work, and specify sizes which may entail great 
waste and unnecessary cost. 

The mode of preparing these drawings varies very 
considerably : some architects ink-in and colour every 
detail ; others ink-in those drawn to scale, and leave 
the full-size details in pencil; whilst many leave 
all the details in pencil, and merely colour what is 
absolutely necessary to make the diTiwing intelligible. 
The second system is the one recommended. The 
young architect is advised not to begrudge the time 
required for carefully completing the half -inch or 
inch scale details, which should all be in the hrst 
instance worked out in pencil, then inked-in, carefully 
coloured, and finally “ written to ” — that is, lettered 
and figured where required. 

Details are generally required by the bricklayer, 
mason, carver, carpenter, joiner, ironfounder, smith, 
plumber, glazier and plasterer; also for tiling, par- 
quetry, heating and ventilating. It is much easier 
to state what does not require a detail drawing than 
what does ; generally every portion of a building that 
is not a perfectly plain surface requires one. 

A few hints on each trade will complete this por- 
tion of the subject. 

Detaili of Drawingi required by the BriokUyer and Xaiqn. 

The bricklayer and mason will be the first to ask 
for details. Let the reader imagine the front eleva- 
tion of a small villa to be erected of brick and stone, 
with a porch, bay windows on either side, balconettes 
to the first-floor windows, brick and stone string- 
courses, elaborately moulded window sills, heads, 
arches and jambs, gables and dormers. Separate inch- 
scale details will be required of the porch, with its 
small 8haft<i, bases, caps, enriched arches, keystones, 
gablets, finials, etc., of each bay window if they differ 
in design, of the first-fioor windows, of the gables, 
dormers and chimney-shafts. Each of these drawings 
must consist of at least one plan and two elevations 
and sections. Full-size details must be drawn of the 
plinth, window sills, heads, moulded arches, keystones, 
jambs, balconettes, and the brackets carrying them, of 
all string-courses, labels, parapets, of all stone and 
omamontal brickwork in the gables and dormers, 
including foot and apex stones, of the chimney bases 


and caps, as well as of every portion of the porch. 
In the interior of the house elevations of the prin- 
cipal chimney-breasts may be required, showing the 
arrangement of the fiues by dotted linee. The chim- 
ney-pieces in the principal rooms should be erected 
from the architect’s own design ; he must also prepare 
full-size drawings of all carving, ornament, and 
incised work. Let the young designer place himself in 
imagination in front of any large building, and note 
eveiy stone on which there is any work in addition to 
plain face work, and all brickwork in any way varying 
from plain walling ; he will then have no difliculty in 
forming an idea of the number of full-sized details re- 
quired by these trades that have been prepared at the 
time the building was being erected. The architect 
8h)uld leave nothing requiring thought to the brick- 
layer and mason, for that it is a rule with workmen not 
to think about their work all who have had much to do 
with them know but too well. Zet, while stating this, 
let us be just in the matter, if not generous ; for it is 
obvious that in one direction, if workmen did think for 
themselves, the result of that thinking might be that 
they, seeing that they could really improve the work 
in hand, might in so doing alter it, and in this altera- 
tion offend the architect. We have heard those who 
at other times have complained of men not thinking, 
complain with greater bitterness of the thinking, telling 
the men they had no business to think, but to do theii 
work only. The true position is, that, assuming the 
drawings to be correct, the workman should think as 
to the best way of giving the best work in order to do 
full justice to the design : it is for lack of thought 
in this direction that censure of workmen is more 
frequently demanded than it ought to be. We are 
far removed, in but too many instances, from the old 
times when workmen took a true pride in doing their 
work as well as it could be done, loving it for its own 
sake and not only for the money it might bring them. 

Detail I of Drawls gi required by the Carpenter and Joiner. 

Continuing the reference to a small villa, half -inch 
or inch scale details w’ill be required by the carpenter 
and joiner, (1) of the frcmes, sashes or casements, sills, 
mulUons, architraves, shutters, linings and bottom of 
each window varying in design from the others ; (2) 
of the front, back, and other doors, including the 
frames, casements, architraves, blocks and fanlights; 
(3) of the vestibule and all other framing ; (4) of all 
the skirtings, base and plinth moulds, dados and wall 
panelling; (5) of the w^ood ceilings and cornices, if 
any ; (6) of the staircase, showing both its construc- 
tion and design, the newels, balusters, handrail and 
framing; (7) of all skylights and ceiling lights ; (8) 
of all the fixtures included in the joiner’s work. The 
sections of all moulded woodwork, carving and orna- 
ment, must be drawn full-size ; thus, sections should 
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be made of the window sills, meeting rails, heads, 
frames, muUions, of all framing and architraves, 

Bftail Brawiagi required by the Ironfouader tad Smith, 
Plumber, Olasier, and Plaeterer. 

The ironfounder and smith will require inch-soale 
and full-size details of all cast- and wrought-iron 
work; for a small villa, drawings will probably only 
be required for finials, roof cresting, rails to bal- 
oonettes, and grilles in fanlight. In larger buildings, 
details must be made of columns, base-plates, cast- 
and wrought-iron beams, and of all other ironwork of 
every description. 

The plumber and glazier will require details of all 
ornamental leadwork and glazing, and all special 
work connected with the water and gas supply. Full- 
sized sections of all plaster cornices, centre flowers, 
brackets, beams, pilasters, caps and bases, cement 
dados, mouldings, angles, stops, architraves, archi- 
volts and plinths, must be made; for the plasterer, 
inch-scale plans of panelled ceilings, and elevations of 
all ornamental internal plaster work. 

From this general summary the young architect 
will be able to form a tolerably clear idea of tlie 
number, variety, and importance of these drawings ; 
it will be evident that in a building of any size and 
elaboration of design a large number will be required, 
and must be provided from time to time from the 
commencement to the completion of the building. 

Duplicate Drawingi. 

We have now described the preliminary sketches, 
contract drawings, duplicates for the local authorities, 
and details ; but this formidable list does not include 
the whole of the drawings the architect has to prepare. 
Duplicates or tracings have to be made of the contract 
drawings and details for the use of the clerk of the 
works or contractor. They are either prepared on 
tracing paper and mounted on paper or calico, or on 
tracing cloth. Great care must be taken that nothing 
is omitted from the tracings, which should therefore be 
carefully compared with the originals before they are 
sent out of the office. Every drawing after it has 
been traced should have the word ‘Hraced” placed in 
the left-hand lower comer ; a record should be kept 
of all tracings ^ven to the clerk of the works or 
contractor, and a suitable box provided on the biiilding 
for the reception of these tracings. 

Speoiiloatioai. 

A speciflcation is an accumtely Vvritten description 
of all the materials, labour, and the mode of construc- 
tion of a building ; it is explanatory of the contract 
drawings, and, taken in conjunction with them, should 
make every portion of the building, from the footings 
to the chimney-caps, intelligible to the client, the con- 
tractor, and his foremen. Gwilt states; The import- 


ance of an accurate specification or description of the 
materials and work to be used and performed in the 
execution of a building is almost as great as the 
preparation of the designs for it.'' The experience of 
the young architect will be severely tested by the 
preparation of this important document ; it is gene- 
rally prepared immediately after the completion of the 
contract drawings: it commences with a series of 
general clauses, then describes the materials and 
labour tliat must be provided by each trade, and 
. concludes with a number of conditions binding the 
contractor to carry out the works in a certain specified 
manner ; or the ** conditions ** may preface the detailed 
description of the work to be done, following upon 
the title and the general clauses. 

The specification is generally written on large sheets 
of foolscap paper, and only on one side of each sheet; 
when pi*eparing it, the architect should have the 
whole of the contract drawings spread out on a large 
desk, so as to be able to refer readily to each one. 
General clauses should be avoided. The architect 
cannot enter too much into detail, and as omissions 
generally result in ‘‘extras,” great care should be 
taken to make the specification complete. Several of 
the points concerned with the important departments 
of specifications, and the legal responsibilities which 
as documents they carry with them, may, if space 
permits, be fully discussed in a succeeding chapter. 
In buildings involving a considerable expenditure in 
erection, and in finishing the interior in a style fitted 
for the position and to meet the requirements of the 
owner or occupier, it is usual, and it is certainly a 
safe and prudent plan, to accompany the specification 
or precede it with a document purporting to be that 
which defines the relation which the contractor 
bears to the architect, and through him to his client 
or , employer, for whom and at whoj^e cost the 
building is to be erected. This relationship is 
embodied in what are called “ the conditions of 
contract,” or simply “ the conditions.” The following 
may be taken as a specimen or example of what those 
conditions are in the case, say, of a house, the “ plans” 
of w'hich are illustrated in figs. 1 to 10. 

the General Condltioni attached to Bpeoifioationc. 

“ General conditions upon which the contract for the 
erection of a (villa or mansion, etc.) is to be caiTied 
out, or upon which it is based, as in the drawings 
numbered Nos. 1 to — inclusive, together with the 
accompanying specification,— the whole, with detail 
drawings in sheets numbered 1 to — , being prepared 
by Messrs. Blank and Co., architects. 

“ In all rases of reference and dispute the drawings 
end specifications are not to be taken as se|)arate, but 
together* aa constituting one document, and each one 
connecjgd with the other. 
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CHAPTER VIIL 

At oonclusioQ of preceding chapter we alluded to the 
subject of retaining walls*’ as used in deep road 
cuttings. We here give merely a suggestive illustra- 
tion of this class of wall, to the right of the sketch 
in fig. 12, d being the rising ground at back, e e 
the wall, provided at frequent intervals with small 
open ducts or channels, to allow the water 

percolating from the soil of the bank behind to 
pass through, and thus prevent its forcing-out action 
on the wall, which otherwise it would exert, either to 
the injury or destruction of the wall or part of it. 



Fig 12. 


A still more complete precaution against the lodging 
of water behind the wall, e e, will be a drain, 
running along the whole length of foot of wall, and 
connected with and draining into lateral drains, h, 
which should be laid to and connected with the 
main drain of the road. The sketch at bottom of 
fig, 12 shows roughly how by twining ivy along the 
upper or coping edge, t jf, of the wall, e «, and down 
the front of the wall, a very pleasing effect may be 
obtained. Contrary to a popular opinion very largely 
held, the ivy will tend to keep together the parts of 
the wall to which it acts as a covering, and protect 
its surface from rain and damp. The sketch to the 
left shows an ordinary wall, a a, erected at the 
edge of the footpath, e ; the ground, as at d, rising 
only to a very slight elevation above this. The 
allusion to drains just made brings us now to 
consider the 

0iiMral Bubjeot of Bead Braiai. 

On this department of rood work we have already 
made an incidental remark or two in connection wjth 
fences, the two being in a measure one, or at least 
there is a dose connection between the two. The 
road maybe drained either by open ditches at the side 
or by spedally constructed drains. When ditches are 


used — which, as being the easiest of construction, they 
may in new countries, colonies, etc., and in remote 
districts — these ditches should, for the safety of 
passengers, be on the field side of the fences, from the 
roots of which should be an escarpment of at least 
eighteen inches. The ditches in question may be three 
feet wide at the top, one foot wide at the bottom, and 
three feet in perpendicular depth. Should the soil in 
which the road is constructed in any degree require 
to be drained, there should be a drain 2 ft. 6 in. 
deep below the channels of the foot and horse paths, 
and laid with 3-inch pipes to receive the water 
collected by l|J-inch pipes in drains across the road, 
either direct or in the form of irregular or zigzag 
lines at from 15 to 30 feet apart, according to the 
degree of wetness of the soil. The said side drains 
should have outfall drains laid at proper places 
across the paths, to discharge into the open ditches. 
Should the soil in which the road is constructed 
not require to be drained to render it perfectly 
dry, then drains need only be laid from the 
side channels across and below the paths at proper 
places in the course of the road to convey surface 
water from the road to the ditches on the field side 
of the fences. The last-mentioned drains across the 
paths may be from 18 in. to 2 ft. in depth, and 
laid with 3-inch pipes. 

In a Parliamentary report on the drainage of sites 
of towns, on road drainage and that of suburban lands, 
issued some years ago, there was much practical 
evidence given on the subject of road drainage, which 
it would have been well for many of our townships 
had it been known and acted upon by those who have 
had the charge of the roads. We have drawn pointed 
attention in preceding and recent paragraphs to 
the evils attendant upon the open ditch, all the more 
decided in their operation when the ditches were 
placed in relation to the road or its footpath in ob- 
vious violation of common-sense principles, to say 
nothing of those of road engineering. We have referred 
to the advantages of altogether getting rid of them, 
to some of which we shall have occasion presently 
again to refer. But we would here point to some 
methods of rendering those ditches less useless and 
offensive than they often are. And the report we 
have just referred to contains some very suggestive 
remarks on them. 

In carrying out plans of field drainage, roadside 
ditches are often found to form most serious obstruc- 
tions to their work. Covered tubular drains, as 
presently to be illustrated, would of themselves 
effect considerable land drainage : in some suburban 
lands, much intersected by paths, etc., so much 
so that further drainage might not be desiderated. 
Many agricultural authorities are in favour of the 
suberitution proposed. Mr. Josiah Parkes states 
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that the drainage of the roads by covered tubular 
drains would much benefit the adjacent land. In a 
very stiff clay soil the rpad drain thus constructed 
might not act upon the land for more than twelve or 
eighteen feet; but in free soils, authorities are of 
opinion that a single drain would affect land bene> 
fidally as a drain for oue or two chains. Mr. Parkes 
mentions one such drain, from five to seven feet deep, 
draining a field of twenty acrea But not alone as 
excellent outfalls for the drains of adjacent lands 
would roadside tubal drains be available. Eminent 
land surveyors believe that it would be of great ad- 
vantage to farmers if they could be allowed to carry 
drains into roadside tubular drains. The great 
objections to open ditches lie in the following considera- 
tions. It appears, for example, to be an established 
fact, that a proper covered drain, of the same depth 
as an open ditch, will drain a greater breadth of land 
than the ditch can drain. The sides of the ditch, 
moreover, become dry and plastered, and covered with 
vegetation. The absorptive pbwer of the ditch is 
inferior to that of the drain, even though the former 
is not covered with vegetation. It is calculated that 



a mile of double road drains would drain from fifteen 
to twenty acres of land. Another point of view of 
this subject, and to which we have made pointed 
reference, is the loss of land taken up by the open 
ditches, and which, if covered up, would be ea^y 
available for agricultural purposes. It is calculated 
that on. a mile of road with ditches on both sides 
there is from three-quarters to an aci'e of evaporating 
surface of stagnant moisture formed by the ditches. 
If those were made up, an equivalent amount of 
dry or cultivable land could be obtained. The Wall 
Beeve of Poplar Marsh informed the commissioners 
appointed to inquire into the sanitary condition of the 
Metropolis that the area of open ditches or sewers 
within the open parts of his district of 520 acres is 
twenty-one acres, or in the proportion of one acre of 
water to twenty-five of land, and he states that the 
whole of this might be available for grazing and other 
purposes. 

The Brainage of Beads {continued). 

The water thus lying in the roadside drains is 
necessarily, in the words of Mr. Stewart, an eminent 
land surveyor, ** stagnant surface water, and nothing 
more.” So that in a sanitary point of view, the doing 
away with what may thus be called ranges of open 
cesspools is of great importance to the inhabitants 


of the surrounding districts. Again, the roads thus 
drained would be more easily kept in repair. At 
the height,” says Mr. Stewart, at which the water 
stands in these ditches — very often within a foot of 
the surface of the adjoining land, sometimes higher — 
it keeps the road soft, and the land adjoining much 
wetter than it ought to be — often a quag.” In 13 
we give a diagram showing a road, a a, drained with 
open ditches, 6, 6 ; o d being the high bank on both 
sides; in fig. 14 a road is shown drained with the 



Fig 14. 


tubular drain, as at 6 and c ; the ditch in this case 
being filled in with stones, as at /. The road water 
may either be discharged through a layer of broken 
stones or permeable gravel, as at/, to stop the silt or 
road detritus from passing into the drain ; or, what 
will be preferable, it may be taken from the surface 
by grids placed at inteivals along the road leading to 
‘‘traps,” or gulley-shoots, 4, the detritus being deposited 
in this, and removed from time to time ; the clearer 
water running down the drain to the main drain in 
the manner hereafter shown. 



Fig. 15. 

Brainags of Boadaide or Foot Path. 

It will be observed in the two' last illustrations that 
the wall surface is bounded on either side by the drains 
lying immediately in connection with the edges or 
outer lines. But in many cases —indeed, in all well 
planned roads— at least one foot or side path is 
provided. This requires also to be drained, and if 
placed outside the drain corresponding to the drain 5, 
fig. 14, in position, the footpath may drain into it as 
in fig. 15, at 5, this serving both for the road a and 
the footpath o. Where, however, there is a ditch 
outside the footpath, as in fig. 16, the arrangmnent 
ehown will be the best. In this a is part or outside 
Te|||b of the main road, ( the side drain, whidi 
receives also the surface drainage of part of the foot^ 
path d d, part shedding into the ditch/ 
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THB TEOEHIOAI STXTDEirrS ZVTBOSUCTIOH 
TO THE OENEEAI PBIHCIFLES OF 
XECHAHZCS. 

Laws affecting Natural Phenomena— Matter and 
Motion. 

CHAPTER XXIII. 

In continuation of the description of the hydrostatic 
balance begun in last paragraph of preceding chapter, 
we point out that in order to restore the balance 
certain weights must be now put into the dish 5, or 
what is obviously the same thing, so much weight 
taken out of the dish a. And this weight so added to 
h or taken out from a, in order to get a perfect balance 
with the body b suspended or immersed in the water 
in the vessel g g, when subtracted from the weight 
which the body gave when suspended in the air only, 
represents the loss which the body has sustained, so 
to say, by being suspended in the water ; and which 
difference in the weight or loss is precisely the same 
as the weight of the bulk of water which the body 
f displaces. If, then, we take this weight — ^which is 
obviously the weight of the water displaced by the 
body — as a divisor, and divide the weight of the solid 
by it — that is, its weight in its natural condition when 
suspended in the air — we have then the specific gravity 
of the body, which shows how much heavier it is than 
water. Thus, if the body /, fig. 18, be a piece of gold, 
it apparently loses when in the water (in g g) one- 
nineteenth of its weight, thus showing that it is 
nineteen times heavier than water. The accurate 
specific gravity of gold is 19*53, that of silver 10*47 ; 
so that the body /, if of silver, would, when suspended 
in the water, apparently lose one-tenth, in round 
numbers, of its weight ; or in other words the water 
would support or hold it up with a force equivalent to 
this, showing that silver was ten times heavier than 
water. We have said that in finding and stating 
specific gravities of bodies the standard of their com. 
parison is water, distilled to be pure, and used at 
a given temperature ; it is so used as a standard, as it 
may be considei*ed as of uniform character everywhere, 
go that when we say that gold has a specific gravity of 
19 (discarding decimals), silver of 10, etc., we in other 
words say that gold and silver, etc., are just so much 
heavier than their equal bulks of distilled water. If 
the bodies or substances are what we call light, such 
as cork, the specific gravity of which is *26 or we 
then say that they are just so much lighter than their 
equal bulks of distilled water. 

BpeoiiLo Gravity {oontinued), — Bodies Lighter than Water. — 
liquids. 

Bodies which are lighter than water have their 
specific gravity ascertained by a modification of the 
method we have described as used in the case of bodies 
heavier than water. The body is first weighed in the 
VOL. ni. 


air, as before, and then attached to the dish 6, fig. 18 
{anie ) ; a piece of lead or other material easily adapted, 
not soluble in water, is attached to the body, 
and the weight of wliich is just sufficient to sink it 
till it — the body — is immersed in the water, with at 
least half on inch depth of water above it. This com- 
plete immersion, be it remaiked here, is also necessary 
in the case of heavy bodies. The weight of the lead 
in the air is, of course, ascertained ; and when it and 
the body to which it is attached are immersed in the 
water, the two together will be found to be lighter 
than the weight of the lead alone, which shows that 
the body is lighter than the water, and the difierenco 
put into the dish, as a, to obtain the balance between it 
and a, when added to the weight of the body weighed 
alone in the air, is equal to the weight of a bulk of 
water corresponding to the bulk of the light body. 
The specific gravity of liquids other than water, such as 
sulphuric acid — the sp. gr. of which is 1*87 — ^is ascer- 
tained by the use of what are called specific gravity 
bulbs or bottles. Each bulb or bottle or vessel is 
made to contain precisely one thousand grains of dis- 
tilled water. This is carefully filled with the water, 
so that none is left outside; the weight of the two 
— bottle and water — ^is accurately ascertained ; and 
the bottle is then emptied and filled with the liquid, 
ns in the case of an acid, of whicli the specific gravity 
is to be ascertained, and the two weighed ; the 
difference between the weight of the bottle of water 
and that of acid denotes the specific gravity of the acid. 
If we have a ball or bulb of glass, which is known 
to lose when weighed in water any definite weight, 
such as one thousand grains — a number specially 
convenient in calculations — it may be used with great 
facility to ascertain the specific gravities of other 
liquids by simply immersing (as in fig. 18, ante) the 
bulb or ball of glass in the liquid the specific gravity 
of which it is desired to know; and the diirerence 
between the loss of weight of the bulb or ball when 
immersed and its normal weight is the measure of 
the specific gravity of the liquid into which it is 
plunged. For the loss of one thousand grains which 
the bulb or ball of glass sustains when weighed ki 
water is obviously the weight of the bulk of water 
which the ball displaces. Bodies float in water when 
they are lighter than it, and the force with which 
they are supported or buoyed up is in proportion to the 
difference between their weight and that of the bulk of 
water they displace. The converse of this is also true, 
for a body heavier than the bulk of wa£er it displaces 
will sink, and with a foi ce proportioned as above to the 
difference. On this principle or law (see ‘‘The Boat and 
Ship Builder for a full detailed explanation of the law 
of buoyancy, etc.) a method of ascertaining the specific 
gravities of liquids is based. This consists in having 
a series of gla^ bulbs of different specific gravities ; 
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these may be made in sets or classes beginning with a 
low definite gravity and ending with a high one, each 
bulb being marked with its own specific gravity. If, 
for example, a bulb when thrown into a liquid, say an 
add, is bimply suspended in the fluid — that is, neither 
laiplra nor rises or swims— —the liquid is obviously of 
the same specific gravity as the bulb, and this is 
denoted by the figures marked on it, for the bulb is 
clearly balanced when in the liquid. If the bulb was 
heavier than the liquid it would sink in it, if lighter 
it would swim. Another bulb or other bulbs would 
have therefore to be tiied, till the one was found which 
remained suspended, so to say, at any point, being 
equally indifferent to sinking or swimming, which 
would represent therefore the specific gravity of the 
liquid. 

Speoifio Gravity {oimoluded'),---Vit Hydrometer. 

On this principle of buoyancy the apparatus used to 
ascertain the specific gravity of liquids, such as of 
spirits, solutions, etc., known as the hydrometer” is 
based. This is shown in its elementary form in fig. 19. 
It will be seen that this dispenses with the beam and 
scales as in tig. 18, and is very easily worked. A 
vessel, a a, containing distilled or pure water, is used in 
which to immerse the glass bulb h This is so adjusted 
in weight by weights, as o, which are suspended on 
the tail as shown, that the bulb floats in the water 
at a certain definite point. This is indicated in the 



Fig. 10, 


stem c by a line or mark which is exactly coincident 
with the level or surface line of the water in the vessel 
a a. If then the apparatus be taken out of the water, 
and when dried immersed in a liquid of which it is 
desired to know the specific gravity, the bulb h will 
sink so low or swim so high that the water-level 
mark on the stem e will either be below or above the 
surface level of the liquid, according as it is heavier 
or lighter — that is, of greater or less specific gravity — 
than the water. To make the water coincident with 
the new liquid level, weights must either be taken 
from below, at c, or add^ to the dish and the 
weights when known give the comparative weights of 
equal bulks of water and of liquids. 


In a preceding paragraph we have referred to 
heat as the chief agent in the production of the 
phenomena, or the principal cause, of what is called 
repulsion. But theie aie other sources of repulsive 
power — though in reality heat is more or less concerned 
in their existence, and may be said to be the primal 
cause to which their varied phenomena are referred 
— which are usually considered, for obvious practical 
reasons, as independent. Gunpowder, gun-cotton, and 
explosive substances, are familiar examples ; springs in 
the various forms used in the mechanical arts are othei^ 
sources; while the most familiar of all our motive forces, 
so to call them — namely, steam — is the best known 
cause of repulsive power. Although in those examples, 
if we trace their operation back to the ultimate point, 
we find heat, as suggested above, as after all the 
primary source of repulsion, for in the case of steam 
we have to apply heat to the water which gives the 
vapour or gas which is the direct result of the 
repulsion of the particles, changing them from the 
liquid to the aerial or gaseous form. The peculiarities 
of steam as an elastic fluid or gas used as a source of 
energy will be explained in the series of papers The 
Steam Engine User.” In the case of gunpowder, gun- 
cotton, etc., it is the application of heat which in the first 
instance brings their repulsive powers into existence ; 
while even in the case of explosive substances which 
are brought into active existence or force by “ per- 
cussion ” (for which term see succeeding paragraph in 
this section), heat may in one sense still be said to be 
the cause of repulsion, as the temperature is raised 
by the force of the blow. But if not in a strictly 
scientific sense correct, it is gCi^ierally and for obviously 
convenient purposes held that those bodies above 
named are, in addition to heat, well known and recog- 
nised sources of repulsive power or causes of repulsive 
force. 

Attraction and Bopnlcion the two great Forees which control 
the Action of Phyiical Phenomena. 

two principles or properties of bodies of 
attraction and repulsion constitute in reality the only 
two forces by which all the phenomena of nature 
existing around us are brought into existence and 
displayed and maintained in action. In view of the 
almost infinite variety of those phenomena, the 
reader may have some difficulty in quite seeing the 
truth of this statement. Even with the comparatively 
limited range of facts of existence brought to him by 
obseiwation he will at first have a difficulty to perceive 
how such a vast number of phenomena, apparently 
of such different kinds, can be brought into existence 
and maintained by two causes or forces only. Thus, 
he would be apt at first sight to say that of motion, 
rushing wind or flowing water were two sources of 
p^ier or two foroes per ae, or acting by and (so to 
for themselves. But if he will duly consider 
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thosei and the results of their action, he will at last 
discover that they, as well as other so-called sources of 
power or forces which he may think of, come under 
one or other of the two forces of attraction and 
repulsion. The phenomena even of that potent yet 
mysterious power known as electricity — which is the' 
name we give to a something of which as to what it 
really is we know absolutely nothing — come chiefly, 
if not wholly, within the range of these two forces. 
Seeing this the dual condition of all forces acting 
upon bodies, and as they must be either under the 
action of attractive or repulsive forces, there must 
always be two bodies or masses, or if we go bock to 
the ultimate atoms, two particles or two atoms, 
concerned in all the actions of those forces. It follows, 
therefore, that a mass will either be attracted or 
repelled to the same extent, or be acted upon with 
the same degree of force, as the other; or in other 
words, that where one force, as attraction, exists, there 
must be in existence, or be brought into existence, the 
other force or that of repulsion. 

Action and Beaction Equal and Oppoiite. 

Every movement, then, caused by one force has the 
opposite or converse movement caused by the other 
force ; or, to use the popular phriise, as one acts the 
other reacts. And the scientific axiom which defines 
or states this law or principle uses those same words, 
for the law is given thus : Action and reaction are 
equal and opposite, or contrary.” This important 
law is exemplified in a vast variety of ways in daily 
life, and lies waiting for the examination and so to 
say analysis of the reader. When the hand comes 
forcibly and by accident or immediately in contact 
with a table or other hard body, it is literally true 
that both are equally ^^hurt,” using this term as 
an expression of the result of the force; the table 
receiving precisely as much of the hurting power 
as the hand — although it is of course only the hand 
which is said to be hurt in the sense of feeling the 
result of the blow or collision or concussion. Here 
the action and the reaction are equal. So also, in 
the case of a canoeist with his paddle, the canoe is 
propelled or pushed forward through the water with 
precisely the same velocity as the water is pushed 
backwards by the paddle. We have here also action 
and reaction equal and contrary or of the opposite 
character, the forward being met with the backward 
motion. The same is true of the propelling action of 
the paddlewheel and the screw ; so also of that other 
method of propelling vessels which has so often come 
to the front, but which, notwithstanding the apparent 
and we might say the actual success of the trials, has 
nevertheless taken no permanent place in the list of 
our marine water motive powers. We refer to what 
is known as Buthven's hydraulic motor, from the 


name of its inventor — the inventor also of the well- 
known printing and screw copying presses. The 
principle of this is exemplified in a vessel or recep- 
tacle of water placed on the end of a body floating 
in water, as a small toy boat : if the water be allowed 
to flow out from the receptacle in a stream or a jet 
towards and over the stern of the boat, the boat will 
be propelled forward through the water in a direction 
contrary to the backward motion of the water jet. 
Ruthven applied the power of a steam engine to the 
production of a jet or stream of water, and in later 
modifications to the production of two jets, one at each 
side of the ship ; and by the ingenious airangemont of 
the nozzle pipes through which the jets were passed, 
motions of different kinds could be produced in a ship 
— backward or astern, forward, and turning motions. 
The same principle is exemplified in the well-known 
motive power or motor known as the “turbine”; 
indeed — as if in direct allusion to the law we 
have quoted — in certain forms of it called the “ re- 
action water-wheel.” And the principle or law is 
further exemplified by suspending by an elastic cord 
a circular vessel full of water (the taller or deeper the 
vessel the more clearly will the result be made evident), 
and boring a hole in the side obliquely or tangentiiilly 
in its circumference. The passing of the jot of water 
through the hole or through an oblique pipe fixed to 
it will cause the vessel to rotate, and its suspending 
cord to be twisted. The turbine is in its simplest 
elements thus exemplified. In these examples, while 
the “action and reaction are equal and contrary,” 
there is a loss of the power resulting from certain 
causes which will be found noticed in any work 
treating of hydraulic mechanics. 

Action and Beaction equal >£xemplifloation 

of this Law or Principle. 

While we thus, in virtue of this principle or law of 
action and reaction being always equal and opposite, 
can obtain motion by the passing of a jet or of jets of 
water issuing or passing out in directions opposite to 
that in which the motion is created, we can also 
produce the same or similar phenomena by the use of 
air or a gaseous fluid. One of the earliest forms of 
the steam engine — that invented centuries ago by 
Hiero of Alexandria, and known as the “ oBlipile ” — 
depends for its action upon issuing jets of steam. The 
apparatus takes the form of a hollow ball suspended 
on and capable of revolution round an axle, two pipes 
.with heads or jets bent in opposite or contrary direc- 
tions being secured to opposite ends of a diameter of 
the globe. This being filled with water, and heat 
applied below, as the water boils and steam is 
produced, it issues from the jets, and by their reaction 
causes the globe to whirl and revolve rapidly round 
its axis. So direct a method of applying steam to the 
production of a motion of rotation has prompted many 
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invBntors to produce modifications of Hiei*o^s contriv- 
ance, which would be effectual as prime movers.” The 
reasons why they have generally, or as one might 
almost say universally failed, may, if space permit, 
be glanced at in a succeeding chapter. 

Action and Beaotion {continued ), — Velocity of Bodies in Motion. 

—Examples from Practice. 

While ** action and reaction are always equal and 
contrary,” the velocities of moving bodies^ under this 
influence are not equal but in proportion to the 
masses. Wliere the body appears to be and is popularly 
supposed to be stationary, it is in reality in motion, 
although the mass is so great that in relation to the 
other or lesser body the velocity of motion is so 
minute that the eye cannot perceive it. This may be 
exemplified by a familiar illustration : that of a man in 
an empty railway truck connected to one loaded heavily 
in advance of the other, pulling himself, or rather the 
truck in which he is, towards the loaded truck. The 
empty truck being so much lighter, has a motion given 
to it by his bodily force, exerted through the medium 
of the rope, of such a velocity that its movement 
along the rail is distinctly observable to the eye, so 
that it appears to the unthinking spectator that it is 
only it — namely, the light truck — which is moving, 
whereas the heavier truck is actually being moved 
also, and at the same time as the light one. But its 
motion is in proportion to its weight so small that 
the eye cannot take it in. That the man in the light 
truck is actually moving the heavier one may be 
proved by considering the cii’cumstances to be so 
changed that the weight of the heavy truck remains 
the same — say, that which requires a force equiva- 
lent to 5000 lb. to overcome it. The pulling power 
of the man on the rope we suppose to be repre- 
sented by a force of 1000 lb. If somehow the man 
could increase his power five times, or — what would 
be the same thing — if five men were placed in the 
one truck, each capable of exerting a force of 
1000 lb., the two trucks would then approach 
each other at equal speeds, and thus meet at a 
point midway between the points at which they 
originally stood before the pulling force in one was 
created or put into operation. The same is ex- 
emplified in the case of two boats placed at a 
certain distance from each other, with a man in each, 
and each taking hold of the end of a strong rope. If 
the boats are of equal size and weight, and the pulling 
force of each man equal, it is obvious that the boats 
would simply stand still. But if the weight were 
greatly unequal, the stronger man in the lighter 
boat would apparently move his boat towards the 
other, while in reality both boats would be approach- 
ing each other, but with a velocity proportioned to 
the weight. The velocity of the slower-moving boat 
would be mode greater, and its motion more easily 


discernible, if the weights and pulling forces were 
not so very unequal ; and the more they approached a 
condition of equality the less difierenoe in proportion 
would there be between the two velocities. Under 
all the conditions above stated, while the action and 
reaction would be equal and opposite, the velocities of 
motion would vary just in proportion to the masses 
So that it is quite true-^what some seem to think a 
paradox or an impc -* ibility — that a man in jumping 
from the surface of the ground, while by the muscular 
force of his body he raises himself from the earth, 
actuaUy kicks the earth away from him. Of course 
the difference between the masses is so enormously 
great and the motion of the earth so infinitely small 
that it is said to exist only in the man. The repulsive 
force of gunpowder acting on a cannon ball projects it 
with an enormous velocity forward ; but the momen- 
tum in the cannon itself tending to push it backward 
or to recoil, is the same in amount. But the difference 
between the mass of the cannon itself and the ball is 
so very great that the motion of the cannon is slight, 
the momentum having to act through so much greater 
an amount of atoms or particles. But the recoil ” 
so called is, notwithstanding, sufficiently great to 
produce a certain motion or power. And this is quite 
powerfully felt in the case of a rifle fired out from the 
shoulder, but still at a point a short, distance from it : 
the force of the shock is the measure of •the force of 
the recoil or momentum of the rifle backward, which 
is the same as the momentum of its ball forward. If 
an elastic spring, as of steel or indiarubber of a 
certain form, be placed so as to act upon two masses 
simultaneously, tho force of the expanding spring will 
send or drive the masses in opposite directions at 
equal velocities, if each be of the same mass or weight. 
If this be unequal, the velocity or speed of the lighter 
or smaller will be greatest, and that in proportion to 
the difference between the two masses. The spring 
acts as a force by virtue of its “elasticity,” the 
bending of it into the desired form required — and 
which bending takes a certain force applied to it — 
storing up, as it were, within the spring this force 
which is ^ven out, and the force so given out being 
equal to the force which was required to give the 
spring its bent form. We have just now used certain 
terms, which it will be required here to explain, on 
account of their general utility to the mechanic, and 
because they will enable the youthful student all the 
more clearly to understand the further phenomena 
of action and reaction. Those terms are 
Elasticity.— Bdeoil.—BesiUenoy. 

On first approaching the subject, the reader, 
presuming that he has hitherto considered it in the 
^ulor or general way, will have no difficulty in his 
dWn mind as to what an elastic body is as compared 
with one not elastic. 



THE STEAM ENGINE USER, 


173 


TEE STEAM ENeiNE USEE. 

The Diffkhent Classes op Engines used chibplt fob 
Manxjpaotueing and a<ieicultural ruBPOSBS.— T he 
Leading Details of Steam Engines— Constbuctivb 
AND Operative.— Their rBAOTicAL Working and 
Eoonomioal Management. 

CHAPTER XVII. 

At the end of last chapter we gave a sketch of the 
double-beat valve (see fig. 38, p. 121), of which we 
now give this brief description. The valve, as its name 
implies, consists of two circular discs very similar to the 
disc valve of Watt, just mentioned. The two discs are 
so arranged that the same spindle carries them both. 
If we suppose steam to be passing in the direction of 



the arrows, there is just as great a tendency for the 
pressure to raise the upper valve as there is to keep the 
lower one on its seat — that is, assuming that the areas 
of the two discs are equal. The only power, therefore, 
required to lift the valves by means of the levers and 
rods outside the valve-bex is just what may be 
sufficient to lift the weight of the valves, and also 
to overcome any friction in bearings and joints. 



Another form of the double-beat valve is shown in 
fig. 39. This valve is very extensively used, and is 
sometimes called a Crown valve. It consists of a 
hood or cover resting upon two seats. Steam is 
supposed to be entering at a ^ and as the valve (shown 
in black outline) is raised off its double seat, the 
steam passes on either side in the direction of the 
lower arrow between the lower faces of the valve and 
seat, or in the direction of the upper arrow between 
the upper faces. The tendency to rise or fall in this 
valve is just as in the previous one — the pressure 
being uniform in both directions ; there is therefore 
only the weight of the valve and the friction to be 
overcome. 

The most common valve now in use is the slide 


valve, or d valve ; and instead of being raised or 
lowered on its seat a sliding motion is given to it, 
which has the effect of opening and closing alternately 
the two ports a and b (fig. 40), in such a manner as 
to connect tnem in turn with the exhaust port c. 

valve itself is shown in solid black section. 
Fig. 41 shows the valve in the other extreme position. 
A spring insures the valve keeping on its seat. In 
plan the valve is rectangular in form, and is secured 
to the valve rod by means of a ** buckle ” which 
encircles it. When the valve is in the position shown 
in fig. 40, it is clear that steam will pass from one 
end of the cylinder along the passage a, underneath 
the valve and into the exhaust port c. At the same 
time a fresh supply of steam from the boiler is ad- 
mitted through the open port b, along the passage, 
and into the steam cylinder at the other end. In 



Fig. 41. 


fig. 41 the order of things is reversed, for we find 
the steam being exhausted from B into c whilst fresh 
steam is entering at a. 

Passing on from this form of valve, it may be well 
to describe the tlirottlo valve here, which was refeiTecl 
to in connection with the governor. This valve was 
invented by Watt, and is exceedingly simple in its 
action and construction. It consists merely of a plate 
turning on a spindle, and is illustrated in fig. 42, 
where it is shown open by the full lines, and closed 
in dotted outline. It will he easily seen that this 
valve is in a state of equilibrium in whichever direc- 



Fig. 42. 


tion the steam may happen to be passing. If we 
assume that steam is passing in the direction of the 
arrow, there is precisely the same area of surface 
exposed to the pressure of steam above the centre 
of the spindle as there is below it ; hence there is just 
as great a tendency for the pressure to close the valve 
by forcing it into the vertical position shown by the 
dotted lines as there is to keep it wide open, when it 
would assume a horizontal position. On the spindle 
of this valve is keyed a lever, l, to the extreme end 
of which a rod, a, is attached. This rod is connected 
with the slide of the governor, and as the engine 
moves too rapidly, the governor, as we have before 
explained, rises, so to speak, and though the rod r 
partly closes the throttle valve, diminishing the supply 
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of steam to the cylinder, which of course has the 
eflect of lessening the speed of the engine. Then if 
the engine be running too slowly the reverse action 
takes place, and the throttle valve is opened wider 
and wider, till the engine assumes its regulation 
speed. 

The eccentrio consists of a disc, and this is so 
attached to the crank-shaft of the engine that the 
centre of the one does not coincide with the centre of 
the other; the distance between the two centres 
represents the so-called ‘‘throw” of the eccentric. 
Around the eccentric is fitted a strap — to which is 
attached the eccentric-rod — leading more or less 
directly (according to the form of the engine) to the 
valves which regulate the admission and exit of steam 
to and from the piston. As the shaft revolves, it 
carries the eccentric round with it, and at the same 
time gives to the eccentric-rod a reciprocating motion, 
which in its turn gives a corresponding amount of 
travel to the valves. 

In the accompan 3 ring illustration, fig. 42, s is a 
section of the crank shaft, with the eccentric E keyed 
on it. The eccentric is usually made in two parts, 
and firmly bolted together when fixed on the shaft. 



This is encircled by the eccentric-strap a, also made 
in two pieces, with keys for convenience in bolting 
together, as shown in the drawing. To one of the 
halves of the strap is attached the eccentric-rod b, 
connected at the other end of which are the levers 
leading to the valves. It will be at once seen, on 
referring to the drawing, that the shaft and the 
eccentric are not concentric with each other — that is, 
their centres, s, b, are not identical — and that if the 
shaft be made to revolve, the eccentric must revolve 
with it; and as their centres are not concentric, so 
the rod b must travel a distance backwards and 
forwards equal to twice the distance the two centres 
X, 8, are apart; and as the disc is keyed on the 
shaft slightly in advance of the crank, the motion 
thus imparted to the valves admits the steam to the 
piston just as the latter is at one or other end of 
the cylinder, and in time to act upon it at the right 
moment, at the same time the exhaust port is opened 
to allow of the escape of the steam which has just 
completed its work of pushing the piston to its 
present position. 

Candennr . — very important improvement 


in the steam engine, efifbcted by Watt, was that of a 
separate condenser. Watt had previously worked an 
engine in this way. The steam ^ving been admitted 
to the under side of the piston till the latter yras raised 
to its fullest extent, the supply of steam was shut 
off, and a jet or spray of cold water forced into the 
cylinder, which had the effect of suddenly cooling the 
stream, thereby condensing it, and as a matter of 
course causing it to contract in volume or bulk, so 
that a vacuum was at once formed. This sucked the 
piston down to the lower end of the cylinder ; then 
the water of condensation was allowed to run off, and 
a fresh supply of steam admitted to raise the piston 
to the upper end of the cylinder once more. Thi^ 
constituted a single-acting condensing engine. In 
order to make clear the effect of the sudden conden- 
sation of steam, a simple experiment may be here 
described. Provide a tin canister with the lid soldered 
on, fix a small tap at one end, and put a small 
quantity of water inside. Hold the canister with the 
tap open over a fiame till the water boils, then shut 
the tap and suddenly plunge the canister into cold 
water ; this will cool and condense the steam to such 
an extent that the canister — unless it be a very 
strong one — ^will collapse, owing to the formation of 
a vacuum caused by the condensation of the steam. 
In the case of the steam engine, as the cylinder is 
made too strong to collapse in this way, the piston 
is drawn down instead, and with a force sufficient to 
move the working parts of the engine with it. 

Whilst experimenting with the condenser Watt 
conceived the idea that it would be much more 
economical to condense the sbBam in a separate vessel, 
away from the working cylinder ; for he saw that to 
cool the cylinder by injecting cold water had the 
effect of partly condensing the steam when it ought 
to be kept as hot as possible, — and vice versa, the 
cylinder was so heated by the hot steam that when 
the cold water was injected into it a considerable 
time elapsed before the condensation began to take 
place, and really at the end of the stroke the vacuum 
was far from the state of perfection that could have 
been desired. Watt thereupon contrived to have a 
separate vessel placed below the working cylinder, 
connected to it with a pipe of large diameter, in order 
that steam might pass from the cylinder to the con- 
denser as quickly as possible. 

Fig. 44 is a section of the lower parts of a beam 
engine with a separate condenser, a is the working 
cylinder with its piston b. It will be noticed that a 
double-acting engine is here shown — ^that is, steam is 
admitted to both sides of the piston alternately, os 
is also the process of condensation — so that whilst 
s^m is exerting its force upon one side of the piston 
tlRorce it up or down, condensation is assisting by 
pulling on the reverse side of the piston. 
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IBB BUILDINO AVD THE KAOHUTB 
SBAXrOHTSlIAV. 

CHAPTER XVIII, 

Whib&b shadows” are not given in views or projections, 
their effect is obtained, as we have above stated, by 
the use of what are called shade lines ” ; and this in 
a way which enables an expert to know what part of 
an object projects and what part recedes or is hollow 
in the general surface of the drawing. And those 

shade lines ” are dependent upon the same principle 
which defines the outline of a ^'shadow” as in dia- 
gram n, fig. 1, Plate OLXXVI., in which the light 
comes and is erst upon the object in the direction of 
the arrows d and e. 

This principle, upon which the projection of “ shade 
lines ” in drawings depends, is directly illustrated in 
fig. 2, Plate CLXXVI., in which a and ft, diagram A, 
repi’esent the directions in which the light is projected 
upon an object, corresponding to the directions d and e 
in fig. 1. IVom the square surface or superficies given, 
at 0 d e f in diagram a, fig. 1, Plate CLXXVI., it 
would be difficult for a spectator to decide whether the 
draughtsman designed this to represent the outline of 
a solid square lying on the surface of another part, 
and therefore projecting above it; or whether the 
square was intended to represent a hollow or rather 
a recessed part— a depression in the general surface. 
In all the diagrams in fig. 2, Plate CLXXVI., and 
those in fig. 3, Plate CLXXVI., and fig. 35, the general 
surface, upon which the objects represented are sup- 
posed to be lying or standing, is shown by the cross or 
hatched lines surrounding the drawings or projections 
of the objects. But if to the pure outline of square, 
as 0 6 / in diagram a, fig. 2, Plate CLXXVI., 

dittwn in lines of uniform thickness or breadth — 
the draughtsman added a thick line, os at ft o in 
the lower side, and another thick line in the right- 
hand side, as c d in diagram b, then an expert in 
plane projection would at once understand that the 
square c d e /, conveying in diagram a no definite 
idea of its peculiarity, was, as shown in diagram b, 
a solid object projecting from or lying upon the 
general surface — ^indicated by the cross or hatching 
lines. This object in elevation, as seen when looked 
at in the direction of the arrow « in diagi am b, would 
be as in diagram o ; and in section, taken on the line 
f y, would be as in diogram d. Those thick, or to 
put it more coii'ectly, those broad or wide lines, 
h Of c d , in diagram b, are the resultants of the two 
directions in which the light is supposed to proceed to 
or be cast or projected upon the object, one of them 
being at the angle of 45^ that represented by the 
dotted lines h and j ; the other vertical, represented by 
the lines i, U both of these corresponding to arrows 
a and h in diagram a, and to d and e in diagram n. 


fig. 1, same plate. In like manner the ** shade lines ” 
are given to the elevation in diagram o, and to the 
section in diagram n, as shown at ft, and a ft, ft c 
respectively. 

But if to the equal-lined square in c <2 e /, dia- 
gram A, the draughtsman added broad or wide, or to 
use the common but erroneous expression, thick (or 
deep) lines at the side a ft in diagram E, and another 
broad line at the side a e, then the expert would at 
once know that the square, which nt c d e f in 
diagram a gave no idea of its true peculiarity, was, 
in fact, the outline of a recessed part, or depressed 
below the general surface indicated by the cross or 
hatching lines. This, shown in section taken on the 
line d e, would be as in the diagram f, while a a 
represents the general surface of the recessed or 
depressed part. In those diagrams the directions in 
which the light is cast upon the object are shown 
by the dotted lines cori*esponding to that at ft, pamllel 
to a c and A; 2 in diagram b. 

The pupil should now be able to understand that 
the equal-lined hexagonal formed surface in diagram a, 
fig. 3, Plate CLXXVI., when bimd-lined — or to use the 
technical term employed in such cases, shade-lined ” or 

shadow-lined ” — as in diagram b, represents a solid 
object lying upon or standing up from a general flat 
surface indicated by hatching lines or shaded part 
outside. On the other hand, when shade-lined os in 
diagram o, he should know that the object, as in a, 
shows in c a recessed part, or one which is depressed 
below the general surface. Again, if the objects m 
diagram d, which, as projected, give no idea of their 
true characteristic, bo shade-liUed as in diagram e, 
the pupil will know that the part ahed projects from 
or is lying upon the general surface ; wliile the part e 
in its turn projects in like manner from the surface of 
ah 0 d. This is indicated in the cross or transverse 
section in diagram f, which is taken on the transverse 
dotted line in diagram e ; a a in f being the line of 
general surface which the objects a, ft, c, d and e in 
diagram e lie upon or project from. On the other hand, 
if the equal-lined diagram in n be ** shade-lined,” as in 
diagram o, then the pupil should now be able to 
“ read ” the drawing in this, so that he knows that 
the part a ft c d in diagram n is recessed, as in 
diagram a — letters corresponding — while the part e in d 
projects from the surface of the recessed part, as at ft. 
This is shown in cross-section — taken on the line 
/ y, in G — ^in the diagram h, a a in which is the line 
of general surface — ft being the part marked 6 in g, 
0 d the hollow or recessed part. In diagram i both 
abed, and e in diagram n are recessed or depressed ; 
as shown at cross-section of i on line ft c in the 
diagram at in which a is part corresponding to e ; 
hetoabedin diagram J>, d e being the line of 
general surface. 
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Coming now to the application of shade lines ’’ to 
** circles,” we have, in fig. 35, several illustrations 
showing this. Thus, the circle in diagi*am a, described 
on the general surface — again indicated by a shaded 
part — ogives no indication of the chaia^ber of the 
object of which a is a projection. But if a shade- 
line, as extending from a to e, be given to the 
circle, as in diagram b, then the pupil is to under- 
stand that the circle represents a circular body, 
as a disc or “flange” lying on or pi’ojecting from 
a general surface, as shown in the diagram a in 
fig. 36, which is an elevation of diagram b in 
fig. 35 as seen when looked at in the direction of 
the arrow d. If, on the other hand, the “shade- 
line” is applied to the circle on the side oppo- 
site to that to which it is applied in diagram b, 


shown dotted, at an angle of 45'', touching the sides 
of the circle. Or the diameter a in diagrams b 
and c, fig. 35, may be drawn through the centi’os 
at g and A, those diameters being also at an angle 
of 45®. The dotted lines 1 2, 3 4, correspond to the 
lines d, e, in fig. 1, Plate CLXXVI., andy in fig. 2, 
Plate CLXXVI. ; and, as they represent the direc- 
tion in which the side rays of light are cast upon 
the object, they may be called “ ray lines.” It will 
be observed that the shade line in diagram B, fig. 35, 
gradually narrows, or thins, or “shades off” from 
the broadest part at 6 to the points a and e, where 
the “ ray lines,” 1 2, 3 4, touch the circles, or cut the 
diameters a, g, e, at e. In the diagram the part b 
is the deepest shadow cast by the ray lines, the 
part opposite to this being nearest the Hght, and, of 




Fig. 86. 


fig. 35, as at diagram o in same figure, then the 
pupil is to understand that the projection of the 
circle in c represents a circular hollow or part de- 
pressed below the general surface. This is shown 
in diagram b, fig. 36, which is the projection of a 
cross-section of c in fig. 35, taken on the line d e, 
and as seen when looked at in the direction of the 
arrow /. 

It will be observed that in diagrams b and c, fig. 35, 
the shade-lines a b c are not of uniform breadth or 
thickness, as in the shade-lines of right or strnight- 
lined projections, as given in figs, 2 and 3, Plate 
OTJCXVI. In the shade-lines of circular projections, 
as in fig. 35, the thickest or broadest part is as at 
b, midway between the two extremities, a and e. 
These extremities in all cases occupy a definite posi- 
tion, and which is obtained by drawing the lines, 


course, not in shadow at all; hence, as the shade 
lines a, b, c, approach the light side t, its breadth 
gradually decreases till it “ dies away ” into the light. 
Conversely, the shade line ai ah c gradually broadens 
or gets thicker as it recedes from the light side to the 
dark side of the projection. 

Taking now the other projections in fig. 35 not yet 
noticed, the diagram in n gives no indication of what 
the projection is, further than that it shows two circles 
described on the same general surface from a common 
centre, a, and therefore concentric to one another. 
But by giving the shade lines, as in diagram e, the 
pupil should now be able so to “ read ” this projection 
that he understands at once, on looking at it, that 
tl^larger circle in diagram n represents in diagram S 
tlm projection of a flat circular disc or flange lying 
upon or projecting from the general surface ; while 
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the Bmaller circle in diagram d represents a “ print ” 
or circular body, 6, diagram e, lying upon or pro- 
jecting from the surface of the part a a. This is 
shown in the elevation in diagram o in fig. 36, as 
seen when looked upon in the direction of the side e 
in diagram e, fig. 35. In the diagram f, in same 
figure, the shade lines given to the two circles— as in 
diagram d — ^ indicate that the large circle is a depres- 
sion or recessed part, while the small circle is also a 
recessed part or depression in the general surface of 
the large recess. This is shown in the cross-section- 
taken on the line a h — in the diagram d in fig. 36, as 
seen when looked upon in the direction of the side F 
in diagram f, fig. 35. 

The preceding paragraphs are devoted mainly to 
brief explanations of the elements of shading as 
applied to plane projections of various objects, by 
which their peculiarities of form can be rendered 
more easily comprehended than when the projections 
are given in pure outline only. Although these 
details are chiefly elementary, they are so designed 
and arranged in what may be* called the natural 



sequence of their application, as to convey to the pupil 
a fair conception of the leading principles of this 
important department of architect ui*al and engineering 
drawing. By a careful study of the diagi’am given 
in illustration of those principles, the pupil should 
have no difficulty in applying them to a wide range 
of practice in the art the various branches of which 
he is about systematically to study. 

What has been given in the preceding paragraphs 
on the subject of shading and of shade lines — by the 
use of which, as there shown, what may be called the 
solid features or peculiarities of objects delineated in 
plane projection are made much more easily compre- 
hended than if the delineations were in pure outline 
—might have been relegated to a later chapter in the 
present series. It has not been, however, without a 
distinct object in view that the author of this series 
determined to place his remarks on this subject in 
that part which it now ocM^upies. For while those 
remarks and illustrations as given have a special 
reference to the practical utility of shading and of 
shade lines, they illustrate directly certain points 


connected with the projection of the objects which 
are more easily understood when the two subjects 
are taken in conjunction. While, therefore, they may 
appear at first sight to be an interpolation, or might 
have been given appropriately at a later period in 
the consideration of the general subject of our papers, 
the remarks and illustrations have a direct bearing on 
the subject of plane projection, and carry the con- 
sideration of its principles and the illustrations of 
its practice regularly forward, giving place in due 
sequence to the various points as they come up for 
treatment. 

We therefore proceed now to illustrate the further 
practice of the art ; taking the projection of a 
hexagonally formed body of which the plan is given 
in a 6 c cf e/ in fig. 1, Plate CCXIV. 

There are obviously two views in elevation of this, 
unlike each other in appearance. The one is seen when 
looked at in the direction of the arrow 8, and is shown 
at ghiji the other is seen when looked at in the direc- 
tion of the arrow 7, shown in elevation dXntu v. To 
obtain the view of elevation y h ij, draw any line h t. 
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at right angles to either of the sides of the hexagon, 
as 6 c or ef. From points h, i, draw perpendicular lines 
as ijf h g, and make these equal to the distance 1 2, 
which is the height or depth of the object in plan 
at ah c defy and through j draw a line j g parallel 
to h i. This completes the elevation of the object as 
seen from the direction of the arrow marked 8. But 
this projection in elevation can be obtained directly 
by simply producing the lines b c,/ c, or a dy projecting 
the points c, c?, e, as to i and A, drawing at any conveni- 
ent point below d the line % hy making ij equal to the 
given height as 1 2, and drawing J g. In like manner 
the other elevation, or that as seen when the plan in 
ahe d efiB looked at in the direction of the arrow 7, 
oi in the opposite direction, may be obtained, by pro- 
ducing lines from points a,/, e and dy at right angles 
to the line e /, cutting any line n o parallel io ef 
Make nt equal to the distance 1 2 or ty, and draw 
t u parallel to no. It will be observed that a square 
part with an internal circle is placed in the centie 
of the plan mah od efy as at g jt>. This is shown in 
the two elevations at I m, r f, but in two positions 
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or different viewa Those parts are projected in the 
same way as described by projecting from the points 
of part p q lines — ^as shown dotted — to the two 
elevations, the height of this part being as in the 
diagrams. The elevation as at n o ^ u is shown shaded 
n.iu' vw\ and a section on the line a d\& given at x. 
If the object was looked at from the direction shown 
by the arrow 11, which direction is at right angles to 
a line, as 9 10, passing through the opposite angles 
hy c, the projection of that elevation would be the 
some as at no tu, or v to. This will be evident if 
lines at right angles to 9 10 be projected, formed 
from the points 6, a,/, e\ cutting "any line, as y « a' U, 
parallel to 9 10 ; for if those distances, z&yz^z a', d Vy 
be measured, they will be found equal to the distances 
n n*y n' o\ o' o. 

In fig. 2, Plate OCXIV., wo give oXtahod efg h the 
plan of an octagonal block, the height of which is 
equal to the line 1 2. It will be seen, as in the 
*case of the last projection, that one elevation, as 
in only will only be required if looked at in front of 
any of the five points c, d, e,/, g, in the direction of the 
arrow 3, and at right angles to the lines joining the 
opposite points in the direction of the lines og or a e, 
dn or h/-y and this because all the sides and all the 
angles are equal measured from those points. The 
other view is an angular one on the line b /, looked 
at in the direction of the arrow 5 at right angles 
to h/i this view is obviously the same as that where 
the plan is looked at in the direction of the arrow 4, 
To obtain the view at nim o, lines are produced from 
the points c, d, e, f and y, parallel to a e, and cutting 
any line i m, as sho^vn, m o being made equal to 
distance 1 2, and a line drawn through n parallel to 
i m. To obtain another elevation, as at the side eg a, 
draw the line p t ; and at right angles to it from the 
points a, n, y,/and e, project lines cutting t in p, q, r, s 
and t. Make p v equal to i n or 1 2, and draw v u 
parallel to p t. It will be observed that in the plan 
a be, etc., there are two circles, as 6, 7 ; those indicate 
the form and the position of two holes or apertures in 
the block. Those pass through the block from top to 
bottom, and ore shown to do this in the cross section 
on the line a e in the diagram at w x. This sectional 
view can be projected from the view in t n o m by carry- 
ing across the lines from o and m, as at I' m', and there- 
after putting in the lines taken fit)m ij klm. But by 
making the sectional projection below the elevation in 
inotn, the drawing would be obtained in a quicker way. 
For the points i,j, k,l, m, would be obtained by simply 
producing the lines, as i n, om, etc., to cut any lines 
drawn below and parallel to im, making the vertical 
height from this line equal, to 1 2 or t n or m o. The 
elevation obtained by looking at a be, etc., in the 
direction of the arrow 5, will obviously be the same as 
the elevation at in om or p tun. For if at right 
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angles to the line bfyre project lines from the points 
b,a,h,g and /, cutting any line as ^p*, we obtain 
the distances on that line which would be equal to 
those on the lines tm or Thxtep^q* is equal topq, 
qf r* equal to qr, s to r a, and d to at. 

Projections on angular lines are often required: thus, 
on referring to fig. 33, p. 95, the reader will see a lin^ 
as A 0 in diagram b, drawn from the comer h to corner I, 
The elevation of the block as seen from a point at right 
angles to this line, as in the direction of the arrow 6, 
will show the lines, as in fig. 3, Plate OOXI V. Those 
lines at right angles to the base line ho are obtained 
thus. In diagram b, in fig. 33, p. 95, place the set- 
square of 45® on the line h o, and sliding it carefully 
along so that the side of set-square wiU continually 
coincide with the line h o, draw along its perpendicular, 
at the points iyj, k, 1, m, lines cutting the line A o in the 
points r, q, p and o. Draw now any line of indefinite 
length, ^s the line A o in fig, 3, Plate OCXIV. ; and' 
assume any point on it, as h, to represent point h in 
fig. 33, p. 95. From h, in fig. 33, take the measure- 
ments h 0, hi, hp, "etc,, successively, and set them off 
from the point h in fig. 3, Plate OCXIV., to the points 
I, p, etc. These points thus obtained will correspond 
to points similarly lettered in fig. 33, p. 95; and ifi 
lines, BB hi, oj, be drawn at right angles to h o,]^those 
will represent the lines of the elevation of the object 
in fig. 33, p. 95, as viewed in direction of the arrow 6, 
or at right angles to the line h o. 

When the view of the object on an angular line is 
to be given in conjunction with or on the same paper 
as the usual elevation is drawn, the points of the 
angular elevation or plan may be transferred from 
the elevation or plan by the method illustrated in 
fig. 4, Plate OCXIV. Let a 5 in this be- the base lino 
of an object or body shown in elevation at ad oh 
Let h i be the line oblique to a 5, on which the oblique 
elevation corresponding to a d c 5 is to be drawn. 
The points corresponding to a e/gb can be at once 
transferred to the line A t by placing the point of the 
compasses in the point h, and extending to the points 
by g,f\ successively sweep round as shown by the dotted 
lines, till they cut the line h i in the points j, k, I and 
m By drawing from these points lines at right 
angles to h i, and making m n equal to b c, and 
drawing n o parallel to hi, the oblique view oi ado d 
is obtained as shown. If the line were h p, the same 
method would obtain, the view on it ooiresponding 
to a deb. The dotted arcs of circles shown in the 
diagram do not require to be put in, in projecting 
the drawing; they are only shown to indicate the 
direction in which the distances are swept round by 
the compasses from one line a 5 to the other line k i. 
I^is method of transferring distances from one line to 
Vnother is useful in many projections or working 
drawings. 
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Trade. 


CHAPTER XV. 

Balts of Chromium {continued). 

Aeetate of Chrome^ Ofj (C 2 H 302 ) 8 , is extensively 
employed for fixing logwood black, as it yields a colour 
of finer shade and faster than iron. It is also used 
as a mordant in other cases, especially in the new 
colouring matter OaUocycmino^ or Fast Violet. Tho 
commercial liquor usually contains sulphates of chro- 
mium and of potassium. It is obtained by an action 
analogous to that by which we obtain red liquor — ^by 
the decomposition of lead or lime acetate with chrome 
alum. 

The salts of chromic acid — ^yellow chrome and 
bichrome — have already been described. 

SALTS OP TIN. 

Tin Grystalay Protochloride of Tin (SnOlj-h 2 H 2 O). — 
This compound is employed as a mordant in berry 
yellow and other colours; mixed with the mordants 
for dyed alizarine red ; as a discharge and resist, for 
making acetate of tin, and other purposes. 

It occurs in commerce in tho form of small sharp 
silky white crystals, readily soluble in 10 parts of pure 
water without turpidity. They contain, when pui'e, 
52 per cent, of metallic tin, but are subject to various 
impurities and adulterations. 

Single muriate of tin ” is a solution of tin crys- 
tals ; when of good quality it should contain 11 or 12 
per cent, of tin and a small quantity of free hydro- 
chloric acid. 

** Double muriate of tin ” is simply a concentrated 
solution of tin crystals with a little free hydrochloric 
add, and containing about 25 per cent, of tin. 

Perchloride of tin, Oxymuriate of tin ( 804013 ). — 
This liquid is occasionally used as a mordant. It fumes 
in the air. It is prepared by adding nitric add to tin 
crystals in suffident quantity to convert this salt into 
the per-salt; also by dissolving tin in nitro-hydro- 
chloric add. 

SUmnate of Soda, Tin Salto (Naj Sn03 -fi H3O), 
is employed in preparing cloth for steam colours. The 
cloth is run through a solution of the salt, dried, and 
<dien passed through dilute vitroL The oxide of tin, 
or stannic oxide, is thereby deposited in the fibres of 
the cloth. 

Commerdal stannate is of variable composition ; it 
should contain about 22 per cent, of the oxide. 

Aoe$aie of Tin is occasionally employed as a mor- 
dant, and aJso for redudng Indophenol for printing. 
It is usually prepared dther by adding acetate of soda 
to tin crystals or hy dissolving stannous oxide of tin 
in acetic add. 


SALTS OF LEAD. 

Sugar of Lead, Ph{C 2 lIfi 2 ) 2 * The main use of 
this salt is as a source of acetic acid, in preparing 
acetates of alumina and other oxides. It occurs as 
well-defined crystals, soluble in about times their 
weight of water, whether hot or cold. The solution 
reddens litmus; on exposure to the air a slight 
predpitation of carbonate of lead forms, caused by 
the carbonic acid of the atmosphere. 

JVitrate of Lead, Pb(NOg) 2 . This salt is used for 
dyeing, producing yellows and oranges. It is a heavy, 
white, crystalline salt, soluble in water : 100 parts at 
25° 0. di^lve GOJ parts of the salt nitrate of lead. 

SALTS OF ANTIMONY. 

Tartar Emetic, (K(Sb 0 ) 04 H 40 g) 2 ll 20 , is emp%ed 
for treating cloth that has been printed with colours 
mordanted with tannic add. It is a crystalline salt, 
soluble in water; it is a double tartrate of potash 
and antimony, and contains when pure about 36 per 
cent, of antimonious oxide. When bought in the 
crystalline state it is generally pure, but when in 
powder may contain a large amount of water and of 
mineral impurities. 

COMPOUNDS OP ARSENIC. 

White Arsenic, Arsenic trioxide, or Arseniotts oxide, 
or Arsenious acid (AsgOg). — This oxide is used for 
fastening aniline colours fixed with alumina. It is 
met with in commerce as a fine white powder ; it is 
only slightly soluble in water, a little more soluble in 
hydrochloric acid, but it dissolves in the alkalies, 
forming arsenites, commonly termed arseniates. Thus, 
white arsenic dissolves in hot caustic soda to form 
arsenite of soda. The arsenites of the other metals 
are insoluble in water, but dissolve in acids; a 
neutral solution of arsenite of soda gives with copper 
sulphate, a green precipitate, with ferric chloride a 
reddish-brown precipitate, and with silver nitrate a 
yellow precipitate. Arsenious oxide dissolves qlso in 
a solution of borax and in glycerine. For use in 
mixing aniline colours the latter solvent — glycerine — 
is mostly used, the arsenic and glycerine being boiled 
until solution occurs; good commercial glycerine 
dissolves 6 to 7 lb. of arsenic per gallon, but it is 
desirable to have an excess of glycerine, as, if satu- 
rated, a portion of the arsenic is thrown down on 
standing or on addition of water. 

Nitric acid, bleaching powder, and other oxidising 
agents qonvert arsenious acid into arsenic acid, which 
compound we come to later on. 

Mention may here be made of the powerfully 
poisonous properties of arsenious oxide, and great care 
should be observed in using it in the colour-shop : a 
dose of two to four grains is sufficient to prove fatal 
in most cases, unless at once ejected fium the 
stomach or rendered harmless by precipitation as 
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an insoluble compound. Many antidotes have been 
proposed for the poison, sulphuretted hydrogen and 
freshly precipitated ferrous hydroxide or hydrate 
being the most eiBcient. 

Arsenic Acid (HgAs 04 ), liquid of 

specific gravity 1 * 8 , is occasionally used in colour 
mixing — especially in acid resists. It is also used for 
making arsenate of alumina by dissolving in it 
hydrate of alumina. Arsenic acid is obtained by the 
oxidation of arsenious acid iVith nitric acid, and 
hence the commercial article is apt to contain small 
quantities of free nitric acid, which, of course, is an 
objectionable impurity. The strong aqueous solution 
acts as a cautery on the skin. The percentage of 
acid in solutions of dififerent specific gravities, ac- 
cording to the investigations of Schiff, is shown in 
the following table ; — 

Spcoijio Gravity, Percentage of II^AsO^. 

1-7346 

1-3973 45-0 

1-2350 300 

1-1606 22-5 

1*1052 15-0 

1-0495 7-6 

The arsenates of alkali are largely used in Turkey- 
red dyeing. (See paragraph on Bin-Arseniate of 
Soda.) Arsenic acid is tribasic, and forms three 
series of salts. 

SALTS OP COPPEE. 

Sulphate of Copper^ Blue Stone or Blue Copperas 
(CUSO 4 + SHgO), — The use of this salt in calico 
printing is very limited ; it is used for making 
sulphide and acetate of copper, and in catechu 
colours. It occurs in fine blue crystals, soluble in 
water. 

Acetate and Nitrate of Copper are used very sparingly ; 
their only application of importance is in catechu 
colours which are thickened with gum ; the copper 
salts are supposed to destroy and counteract the 
injurious action of the gum. It must be remembered, 
too, that copper yields with alizarine a brown, so that 
in printing catechu and dyeing alizarine a better 
shade is produced by the addition of copper salts. 

Sulphide of Copper is used for oxidising aniline 
blacks. It is a black insoluble substance, obtained 
either by precipitating a soluble salt of copper with 
sulphide of soda, or by the direct action of metallic 
copper and sulphur. It is generally made in the 
colour-shop by the former method. 

THE OHEHISTBT 07 COLOOEING-UATTEBS. 

The number of substances available for colouring 
fabrics is vexy las-ge ; and their composition and pro- 
perties are of widely different characters. We shall 
omit mention, however, of those colouring-matters 
which, owing either to theii- cost or their instability, 
are now displaced by better substitutes. The intro- 


duction of the aniline and other artificial colours has 
occasioned a great change in the stock of the dyes 
used by the calico printer ; many expensive and loose 
colours which were in extensive use a few years ago 
are now completely replaced by cheaper and faster 
colours. The colouring-matters used in modem calico 
printing may conveniently be divided into four heads ; 
(I) mineral, (2) vegetable, (3) artificial, and (4) 
miscellaneous colouring-matters. 

(1) MINERAL OOLOURlXa-MATTEBS. 

These are coloured compounds of mineral origin, 
insoluble in water, and are fixed to the cloth either 
ready-formed in the state of pigments, by mechanical 
means ; or they are deposited in the fibres of the cloth 
by chemical reactions. 

Whites. 

White is seldom printed-on as a colour. Bleached 
calico is pure white, and it is left unprinted upon 
where white parts are required. In a few instances, 
however, white pigment is employed. 

French white is the best white pigment. It is the 
oxide of zinc, ZnO, and is of pure white. It is 
also used for mechanical ‘‘ resists ” — being printed-on 
with gum, dried, and some other colour padded all over 
the cloth. 

Badi. 

The most important red is vermilion or sulphide 
of mercury, which is a brilliant scarlet obtained 
either by fusing together 14 parte of sulphur 
and 108 parts of mercury in iron crucibles and 
then in the sand-bath; or in the wet way by 
precipitating an ammoniacal solution of corrosive 
sublimate by ammonium sulphide ; the beautiful red 
precipitate thus obtained is thrown on a filter, washed 
and dried. This pigment is printed on the cloth 
mixed with a thickening consisting of a mixture of a 
solution of albumen and gum dragon ; the fabric is 
then steamed^ by which the albumen is coagulated or 
rendered insoluble and the pigment firmly fixed on 
the cloth. This gives a splendid scarlet colour, fast 
against almost all reagents and against light, soap 
and friction. This colour would be much more ex- 
tensively employed but for its high price. It is now 
used only for discharge red on indigo blue. 

Bed lead, or minium, an oxide of lead, was formerly 
used ; also realgar or bisulphide of arsenic, antimonial 
vermilion or tersulphide of antimony; but all are 
now superseded. 

Bine and Violet Pigments. 

The chief pigment blue colour is ultramarine, the 
most valuable of all pigment colours. Formerly — ^in 
the beginning of the present century — this magnificent 
colour was only known as a rare and expensive 
mineral, mostly used as an artist’s pigment. It exists 
In nature in the rare mineral lapis hauU ; and this 
was the only source of the colour. 
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jU?D Problems ok Plane Geometry, Useful in 
Technical Work. 


CHAPTEK XI. 


"*In the last paragraph of preceding chapter we re- 
ferred to the fact that the expression ** mean and 
extreme proportional” was incorrect, and promised 
to make its meaning clear to beginners. It is 
sufficient for this to know that the word proportional 
was formerly used for “in connection with”; thus 
the idea of connection shows at once that there is a 
certain proportion to be considered. Now, to make 
a proportion with a quantity, and the parts of this 
quantity divided in two, which makes in all three 
quantities, there must be one which is used twice, 
which is the mean proportional between the two 
others; and it is quite evident that it can only be the 
one which from its size is intermediate between the ♦ 
two others. 

Thus, to divide a straight line in mean and extreme 
proportional evidently means to divi le this straight 


line in such a way that wo may make a proportion 
with the two parts and the whole straight line. If 
A B (fig. 69) is the straight line, a d the largest 
segment, and b d the smallest, we shall have the 

proportion The words mean and extreme 

^ AD BD 

signify that one of the parts serves to form the 
middle term of the proportion that is to be esta- 
blished, and that the other part of it is the exti'eme 
term. To sum up, the term to divide a straight 
line in mean and extreme proportional should be 
considered as on abbi’eviation corrupted from the 
expression to divide a straight line into two parts 
which serve the one as mean, the other as extreme, 
to a proportion (understanding that it is the entire 
straight line which forms the other extreme). Let 
us now glance at the constructions as illustrated in 
fig. 69. Let A B be' the line to divide in mean and 
extreme proportional. At the end b erect the 
perpendicular b o, and from the point o as a centre, 
with o b as radius, describe a circle : o B is equal 

to ~ or half a b. Join a o : this line cuts in 
2 


point 0 the circle o b. From point a as a centre, 
with a radius A c, describe an arc which meets or cuts 
the line a B in the point d : this point cuts the line 
A B in the points required, — namely, in mean and 
extreme proportional. This is demonstrated thus. 
Extend or produce the line a o' till it cuts the 
circle o b in the point o ; then we have 

W _ ^B A P H- A B _ A^ 

A B A A B ad’ 

because by the construction already given we have 


c c' = A B and A 0 = A D. From this it comes that 
U? = and asAB — ad = bd, it becomes 

A B AD 

finally — = ? 5 or which is equivalent to — 

A B A D 

A B ^ 

A D ““ B d’ 

Geometrical Snrlaoee — Figarei. 

The young geometrical draughtsman should dis- 
tinguish between the two great classes of geometrical 
objects : first, those of surfaces or superficies ; and 
second, those of solids. The distinction between the two 
may be popularly indicated by saying that geometrical 
surfaces or superficies are “figures” or “outlines”; 
geometrical solids are “ forms ” or “ bodies ” — the latter 
term being the most distinctive, and that which is 
generally employed in technical language. A surface or 
“figure ” or “outline” has always, and only, two dimen- 
sions —namely, its length, and its breadth or width ; 
— it has no thickness or depth. A “ solid ” or “ form ” 
or “ body,” in addition to length and breadth or width, 
has thickness or depth ; these three dimensions must 
therefore always form the factors in estimating the 
solidity of the body ; just as the length and breadth 
must always be taken together in estimating the extent 
or surface or superficies of a figure or outline. The 
rules for applying those dimensions in connection with 
the various geometrical figures and forms will be found 
in the series of papers under the head of “ The Prac- 
tical Technical Measurer,” should space be at our 
command for it. It is with the delineation or con- 
struction of the geometrical surfaces, figui*es, or 
outlines with which in the present series we have to 
concern ourselves. What may be called the funda- 
mental problems on construction — namely, those 
connected with the lines which go to form all figures 
— have been already considered in foregoing chapters. 
We now proceed to the consideration of construction 
connected with polygons. 

Different Kinds of Figures on Surfboes, Planes, Triangles, 
Polygons. 

There are three kinds of surfaces: the fiat, the 
concave, and the convex. A surface is flat when we 
can apply a straight-edge or ruler to it in any direction. 
A table, a picture, or drawing-board are flat surfaces. 
A concave surface is that of a hollow object, as the 
interior of a basin. A convex surface is the external 
or outer surface of a hollow or concave, as the out- 
side of a vase, of a column, or of a ball. When we 
consider a flat surface, we naturally think of its limits ; 
the surface defined by that limit takes the name of a 
“ plane ” or a “ plane surface,” or “ figure,” or an “ out- 
line figure.” By these terms we understand an object 
formed by lines, of which there must always be more 
than two. The lowest number of lines required to 
form a figure is three. Figures thus formed of three 
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ines are called triangles, the varieties of which are 
distinguished by names founded or based upon the 
relation, or angles (see preceding chapter), which the 
lines have to one another. The term “polygon," 
meaning literally a xnany-sided figure, may apply to 
triangles or plane surfaces, or figures formed by three 
lines only — or to triangles; and some geometricians 
include triangles in the list of polygons. Others, and 
we think more accurately, exclude triangles — which, as 
we have seen, are figui’es having the minimum or 
lowest number of sides ; and begin the class of “ poly- 
gons ” with the figures having four sides — as squares, 
rectangles, rhomboids, etc. Others exclude even these, 
and commence the polygons with plane surfaces or 
figures having five lines. This is probably the best 
arrangement, as the term many-sided figure can more 
easily be considered correct when applied to a figure 
having more sides than three or even four, than when 
it is applied to figures having only those number of 
lines. 

Polygons are either “ rectilineal," right or straight 
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lined ; “ ourvilineal,” or curved or bent lines ; or what 
may be called “ mixtilineal," or combined figures partly 
made up of straight and partly of curved lines, 
according as they are limited by straight lines or 
curved lines, or by straight and curved lines. In this 
series we shall only take up the consideration of the 
rectilineal polygons. 

Termf eonneoted with Folygoai^-Beflnition. 

The polygonal figures of the other classes will be 
considered in one or Other of the chapters of theseriea 
of papers entitled “ The Architectural and Engineering 
Draughtsman." The whole of the lines which form a 
polygon are called the “ perimeter" of the figure. Each 
line is called a “ side-rule.” . A polygon is equilateral 
when all the sides are equal ; a polygon is equiangular 
when all the angles are equal. A polygon which is at 
the same time equiangular and equilateral— that is to 
say, which has all its angles and all its sides equal — is 
termed a “ regular polygon." An “ irregular polygon " 


is one the angles or the sides of which are not equal.. 
An “ inscribed polygon " is one all the angles of which 
are included within another figure, as a circle. Every 
regular polygon may be inscribed within a circle, as in. 
fig. 60. We understand by a “circumscribed poly- 
gon " one all the sides of whidi are tangential to a 
circle — ^that is, the circle is inscribed in the polygon, 
as in fig. 61, or the polygon is described a^ut the 
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circle. The sides of a circumscribed polygon can 
always be parallel to those of an inscribed polygon of 
the same number of sides. There is an endless variety 
of polygons, according to the number of their sidesv 
The triangle is the polygon of three sides ; the quad- 
rilateral, that of four ; the pentagon, that of five ; the 
hexagon, that of six ; the heptagon, that of seven 
the octagon, that of eight ; the nonagon, that of nine y 
the decagon, that of ten; the dodecagon, that of 
twelve ; and so on. 

Pignrei of Tliree Bidei— Triangles— Termi, Definitions, and 
Points connected with the Figure or Surface. 

We have already stated that some authorities begin 
their polygons with five-sided figures. We deem it best 


c 



Fig. 62 . 

for the purposes of reference and consecutive classi- 
fi^tion to include triangles within the list of polygons. 
As we have said, the triangle is the simplest of the 
polygons ; its name is sufficient to show that it is com- 
iposed of three angles, a, 6, o, formed by three sides, 
as a 6, 5 c, c a, fig. 62. In a triangle, any side whatever 
is always smaller than the sum of the two others. 
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Tex GfxESKAL Pkikoiples and the Details of bib Wobk. 
CHAPTER XII. 

In the French window described at end of last chapter 
(p. 133), the weather board is also weathered at 
upper surface, giving an inclined surface for the 
rain to slide o^T, the throating under preventing this 
from creeping in behind the board, as it cannot cross 
the groove. This weather board is secured in two 
halves to the bottom bars and sides of the sheets. 
To cover internally the vertical joint when the window 
is closed, the moulded bar e, fig. 1, Plate CXYL, is 
secured to one of the vertical bars or styles, as a; the 
panes of glass are at / /, and ^ ^ is the window sill in 
the interior of the room. The parts below this are 
similar to the arrangement in fig. 1, Plate LII. 
Still further to secure a water-tight joint at bottom 
of casement near the sill, the bottom bar at i, in 
diagram b, fig. 3, Plate LII., lies, when the window 
is closed, against the cross-bar The bottom bar of 
sheets may be made still deeper, making the joint (#1 
the longer up which the rain has to be blown before 
it can enter the room : this is shown in diagram a, 
fig. 3, Plate LII., at h\ c, d, e, f and g are parts 
corresponding to those in upper and lower diagram in 
fig. 1, Plate OXVI. In place of the square rebate c, 
as in upper diagram in fig. 1, Plate OXVI., the meet- 
ing vertical joint of sheets is eonstructed, as in fig. 4, 
diagium a, Plate LII., at a b, covering pieces being 
outside and inside to conceal the joint and make it 
externally water-tight. Fig, 4, Plate LII., diagram 
B, is part cross section and part elevation, of inner 
edge of vertical bar, as at A in fig. 1, Plate OXVI. 
If the sheet be divided either horizontally or vertically 
by an astragal, the section of this will be as in fig. 5, 
Plate OLXXX., at b, dimensions and geneiEl outline 
or elevation being as in same figure, diagram o. 

Venetiaii Windows 

are what are called '^three-light’’ or three-sheet 
windows, but of which the central light, as a a’ a, 
fig. 6, Plate CLXXX., is wider than the two side 
lights, 6 6' 6', cc'c'; the lights are divided by solid 
piers, e e, d o’, in stone, or of flat mullions in wood. 
In the plan in lower diagram d! d' is the wall broken 
by the three voids. Fig. 3, Plate OXVI., gives in 
elevation and section part of a mullion or pier, as e e, 
s' s', in fig. 6, Plate OLXXX., showing mode of orna- 
menting them when of wood. Fig. 5, Plate OXVI., 
shows the method of hanging the sashes, the parts 
being the same as in this portion of an ordinary sash 
window: see fig. 2, Plate LII. 

Bay Windows 

are, like the "Venetian” windows, "three-light”; 
hut in place of having all the three in the same 
panel or runnin|; in the same flat surface of the wall, 


as in fig. 6, Plate OLXXX., have the side lights, as 
6 0, d d, fig. 7, Plate OLXXX., oblique, or at an 
angle to the central light a a, which runs in the 
same plane as the walls e e. The central light a a is 
divided by piers, b, b, from the side lights, which are 
shown in the plan forming the lower diagram of 
fig. 7, Plate OLXXX. The mode of fixing the sash- 
weight boxes, or of hanging the lights from a bay 
window, is shown in fig. 2, Plate OXVI. ; the parts 
indicated by accented letters forming the part for 
the central light, corresponding to a a, — those not 
accented the points for the side lights, corresponding 
to 66, fig. 7, Plate OLXXX. (See fig. 4, Plate OXVI.) 

* Bow and “V” Windows. 

Bow windows are often considered the same as bay 
windows, but the distinction between them, which 
is very marked, is easily remembered. In a " bay ” 
window there are three lights, and the plan forms 
part either of a hexagon or an octagon, as shown in 
the plan in fig. 7, Plate CLX. In a " bow ” window 
the plan is either semicircular, or part or k segment 
of a circle less than a semicircle. The form of " V ” 
windows is, as their name indicates, made up of two 
lights, aa a a, a' a', fig. 1, Plate 0X0 VII., placed at an 
acute angle, and meeting in a sharp end or arris at c, 
6 6 the wall from which the angular walls spring. 
In the figure the sashes or lights are fixed, not hung 
as in the windows in fig. 2, Plate LII., and figs. 2 
and 6, Plate OXVI. 

Window Shutters. 

The shutters most generally employed are of the 
class known as " folding,” so called from the boards 
being hinged together at their edges, and folding in 
upon one another so as to occupy a much leas space 
than when they are opened out and extended. When 
so folded up they are pushed back into a recess made 
in the wall, or provided for by wooden constructions 
or cases where the thickness of the wall does not admit 
df the depth of cases or rece.sses necessary to hold the 
shutters. These recesses, however formed, are called 
" shutter boxes,” and when formed in recesses in the 
thickness of the walls they are lined with wood. 
The simplest form of shutter and shutter-boxing is 
shown in fig. 3, Plate LXXXIII . : a a be the wall 
in which the recass is made; h the line of window 
to be covered by the shutter fgh i. The back part 
or board, as 6 5, is called the " back lining,” (f s, c 6, 
the, "side linings.” Shutters are either plain or 
panelled, the latter being of course employed in the 
better class of buildings. Thei'e are two shutters or 
" flaps,” as the leaves are technically termed, in the 
plan in fig. 3, Plate IjXXXIII. — the "front flap,” 
as gghf only panelled, ff being the "styles” into 
which the panels ore fitted. The "back flap” is 
at ii. and is plain* When the shutters are in 
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place in the box, the front or outside face to the 
i*oom shows panelled. It may be a square panel 
flush or flat at back, as shown, or it may show 
panelled on both sides. Kg. 2, Plate LXXXIII., 
is part elevation of shutter front panelled. Fig. 3, 
Plate CXCVII., shows shutter boxing with three 
flap shutters. In this case the centre flap is called 
the “ second flap,” jj 1 1 m the front flap, and fgf 
the back flap.” The “ back lining ” is at 6 6, c being 
ground into the two pieces or styles h h. This plan 
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CHAPTER XI. 

At end of last chapter we began a description of the 
various kinds of walls, ending with the first kind. 
The second kind are walls with returns ” — that is, 
another wall running at right angles to the fi-ont 
wall. The return may be only at one end, as c 
tlie wall b (fig. 21) ; or with two I’eturns, one at each 
end, as at e c. lltirdy a straight wall, as at a a, 
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or one with return, as c, or two as at e 6, having 
another wall, g, projecting at right angles from 
any port of the wall f /, The wall g may be of 
equal, greater, or less thickness than the main wall /. 
Fourthf walls with recesses, either with square or 
aich^ heads, made at some point, as i in the wall h h. 
Fifth, a straight running wall, as a garden wall, 
terminated with square piei^s or columns at one or 
both ends, as in the wallyy* ^ these walls are 
open walls, inclosing spaces, as yards, or the interior^ 
of a house. To these classes has to be added a sixth — 


is for a Venetian window. The diagram to the left 
in fig. 4, Plate CXCVII., shows shutters and boxing 
for a bay window. Where the boxing is not made 
in a recess in the wall, but projects from the wall, 
the side of the box is ornamented with an architrave 
moulding, as at ii in diagram to the right in fig. 4, 
Plate CXCVII. Where no shutters are used, the 
diagram in fig. 2, same plate, shows how the meeting 
angles of walls from a bay window may be inclosed 
by a diagonal piece moulded in face. 

namely, walls facing earthwork behind, and known 
as ** retaining walls.” Walls may be made flush or 
even on their surfaces — that is, of equal thickness 
throughout their whole length; but when they are 
very high, and consequently very thick at the bottom, 
“offsets” are made at certain heights, as at a 6 c, 
fig. 22, gradually reducing the thickness as the wall 
approaches its upper termination. ThLs is illustrated 
in fig. 22, d d being the footings, e e ground level or 



Fig 22. 


High Wall! deoreaae in Thiokneis ai they go up. 

Where the wall of a house is of great height, the 
tliickness of the wall gradually decreases, the inclosing 
walls of the first floor being thinner than those of the 
ground floor below; the walls of the second floor being 
thinner than those of the first, and so on. The thick- 
nesses are reduced by ofltets, precisely as shown in 
fig. 22, at a c ; with this difference, however — that the 
offsets are all confined to the inner side of the wall 
of house. The reason for this is obvious; it being 
essential that the surface of wall outside, or to the 
street, should be uniform or all on one plane. 
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YarittiM of Straight or Plain-mnning Walli.--A Hino-inoh 
or Briok-thiok WaU in ** Flemiih Bond.” 

The two hi‘st courses of a nine-inch wall in “ Flemish 
bond/’ with square terminations, as at a a, in hg. 21, 
are illustrated in %. 23. In naming the numbers or 
the individual bricks of which each course is made up, 
we begin at the left-hand end of the wall. The other, 
or right-h^tnd termination, is precisely the same as 
the left-hand, and is shown in all the diagrams. 

First course, a, fig. 23. Second course, B,fig. 23. 

Two stretchers a a, a A header e, a half- 
header b ; two stretchers closer /, two stretchers 
c c, a header d\ and so ^ A, a header t, two 
on alternately along the stretchers j k, a header, 
whole length. and so on alternately. 

The front elevation is shown in o, fig. 23, the 



-e C 


Fig. 28. 


end elevation,” in fig. 24, being taken on the line 
1 2, in B, fig. 23. 

The two courses of a nine-inch wall with “ return ” 
at end, as c in fig. 21, in Flemish bond ; — 


First ooui*se, fig. 25. 
Front wall 1 2, a 
header a, two stretchers 
6 0 , a header two 
stretchers e /, and so on 
alternately. Return or 
end wall 3 4, a stretcher 
a half -closer A, two 
stretchers i y, a header 
A, two stretchers, and so 
on alternately. 


Second course, fig. 25. 
Front wall 1 2, a 
header ?, a half-closer w, 
a header n, two stretchers 

0 jo, a header two 
stretchers r 8, and so on 
alternately. Return wall 

1 3, a header two 
stretchers w v, a header 
Wf two stretchers, and so 
on alternately. 


The two courses ot a nine-inch wall, Flemish bond, 
with ‘‘return” at the centre, or another wall at 
VOL. HI. 


right angles, as at in wall /, fig. 21 {ante\ illustrated 
in figs. 26 and 27 



Fig. 24. 


First course, fig. 26. 

Wall 1 2, right and 
left of 3 4, a header a a, 
two stretchers 5 c, a 
header (f, etc., etc. Wall 
3 4, a stretcher e, a half- 
closer two stretchers 
g h, a header two 
stretchers y hy etc. 


Second course, fig. 27. 

Wall 1 2, two stretchers 
a h, and header c, alter- 
nately, the ends finished 
as in fig. 25. Wall 3 4, a 
header d, two stretchers 
e /, a hefder g, etc. 



Fig. 25. 


A Fourtaen-Inok or Brlok-and-Half Wall in Flemish Bond. 

Krst course in a, fig. 28. Second course in b, fig. 28. 

A header 0 and a bat Three stretchers a 6 c, 
or half-brick at b. Two a header d, two stretchers 
closers — a half-brick c, and e and /, a header g, and 
a quarter ditto at d ; a two stretchers /i and t, 
stretcher e, and two head- and so on alternately ; 
ers/ and g ; a half-brick these bricks are at end 

14 
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or bat hf and a header i ; 
a stretcher j, and two 
headers k and I ; a bat 
m and a header-, then a 
stretch or two headers k 
and I, and so on alternately 
throufediout the course. 


and front ; at back a 
stretcher j, a bat or half- 
brick kf a second ditto I, 
then a stretcher m, and 
so on. 


Starting from one end with the two ’xrws coincident 
to form the face of each, as the breadth of a brick is just 
half its length ; if the second caurse, as b, was placed on 
the hrst coarse in a, the joints as 1 2 of the second 
course would coincide with the joint as 1 of the first 



In fig. 2^) wo give part front elevation of this wall, 
in which (7, c?, A, and j correspond to the parts 
similarlv lettered in plan diagram A, fig. 28. Thc^se 
make np the first course in elevation ; tlio second is 
made up of bricks c d /, cori’esponding to those 
similarly lettered in diagram B, fig. 28. In tig. we 
give end vei-tical view, looking at fig. 29 in direction 
of the arrow 1 ; letters in this corre.spond to letters in 
a and A, fig. 28. 


Fig. 28. 

course, so that no vertical bond' would bo obtained. 
To get rid of this grave objection, a closer ,'' as c in 
diagram b, is inserted in second course, vbicb breaks 
the joints of all the courses, as shown in tig. 32, which 
is front elevation, fig. 33 being an end view. 

A Fonrteen-Inoli or Brick-and-Half Wall in Old Engliih Bond. 

First course a in fig. 31. 8econd course B in fig. 34. 
Starting from the right, Starting also from the 



A Kinednoh or Briek-Thiok Wall in ««01d XngUsk Bond.** 


First course, A. fig. 31, 
is made up uf a series of 
stretchers a a in two rows, 
placed side by side and 
end to end along the 
length of projected wall. 


Second course, b, fig. 31, 
is made np of a series of 
headers b h placed side 
by side in single row. 


are first three stretchers 
ab c, and in front a row 
of headers d d and at 
back a row of stretchers 
dd. 


right, we have a header a 
and a bat or half-brick 6, 
a half-brick closer c, and a 
quarter-brick ditto rf; at 
front a. row of stretchers eo, 
and at back of headers ff. 


In fig. 35 we give front, and in fig. 36 end elevation ; 
the letters correspond to correspondingly lettered bricks 
in fig. 34. 
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lEE WOSEKAV AS A TECHNICAL STUDENT. 

How TO Study, and What to Study. 

CHAPTEB VIII. 

At the conclusion of the last chapter we pointed out 
the reasons why practical men frequently have a 
reluctance to adopt new inventions and processes, and 
why they feel it safe to be content with the old plant. 
We thus see that many things conspire to urge the 
practical man to be at least very careful in adopting 
a new method, when the old one has, to say the 
least, been moderately successful. And although such 
views may in great measure be upheld by pure 
prejudice, still there are not a few considerations 
which are not prejudices, but really the outcome of a 
prudent business policy. Nevertheless it is true that, 
as a rule, however few they may be, still practical men 
who have been long in any bninch of industrial work 
have some prejudices which are the more difficult to 
be got rid of inasmuch as they are founded upon what 
are mere conjectures or assumptions, not facts truly 
such. Tndeod, it is not always easy to prove them 
to be conjectures merely; for some processes are so 
obscure, and the circumstances under which they are 
carried out are such, that a tracing up of all the steps 
of the process is absolutely impossible. Still those 
conjecttures stand as good and as potent in their way 
as prejudices, and indeed give rise to opinions which 
are purely so. 

BasinesiBelatioiui between the Theorist and the Praotioal 
Han. 

But the theorist, who has no pecuniary interest in 
upholding any established system of working, if he 
is influenced at all by money considerations — and 
many theorists are singularly free from such — has 
obviously every inducement to get his system estab- 
lished, as its being earned out is the only way in 
which he can be benefited pecuniarily. But apart from 
all such business considerations, the theorist comes to 
the study of the subject wholly free from all notions 
and prejudices which can only have existed with those 
who have long been engaged in carrying out an estab- 
lished system. What that system is the theorist sees 
as it is, not as the practical worker believes it to be, 
or so that it may coincide with some notions or pot 
views of his own he wishes it to be. In nine cases out 
of ten the theorist is urged to investigate the subject 
purely from a love of science— and possibly from one of 
those unaccountable likings for the particular branch ; 
or urged by something which it is difficult for him to 
divine. He may have not the slightest wish to make 
money by his investigation ; yet his very first discovery 
may be that which is to bring about a system by which 
the capability of the trade to give profits may 1^ enor- 
mously increased. It not seldom has happened that the 


theorist has been the most surprised of all at the pecu- 
niary value of his discovery. In making this, in being 
led up to it by his close and scientific investigation, 
the theorist is guided only by one desire, has only one 
object to serve ; being free, moreover, from all notions 
resulting from long-continued experience with the old 
system, he can devote his full energies to his woik of 
investigation perfectly untrammelled by preconceived 
notions. If a truly scientific man — for there is a 
pseudo or false as well as there is a true science — ^ho 
does not go to his investigation with a theory to 
which he makes or tries to make all the facts of 
actual work squai'e : he takes facts and facts only to 
prove his theory ; or rather, the theory is finally formed 
simply because he takes facts and rends the lessons 
which they teach. But the theorist has not merely 
to contend with the prejudices of the practical man, 
and to meet all his business objections; ho has to 
contend ‘'with those of his own house.” Scientific 
men considered purely as such are, no more than any 
other body of men, free from the pangs of professional 
jealousy, untainted with the poison of personal dislike. 
So influenced, indeed, either by the one or the other or 
by both, but chiefly, one is glad to say, by the former 
of them, are scientific men, that tlieir disputes are 
notorious as being characterised by a waimth at least 
of expression if not of feeling; through which not 
merely are uncomplimentary opinions as to ability 
freely bandied about, but sometimes statements made 
which reflect severely on the 7norale of their opponents. 
It need not, therefore, be matter of surprise for the 
reader to learn that there is scarcely a new scientific 
theory broached or opinion given, but what several, 
often indeed many, scientific men rush into print or 
speech with theories and opinions wholly counter to it. 
And of the two it is perhaps true to say that the 
difficulties which a new system has to encounter from 
men of science before it is accepted and established are 
greater and more difficult to be overcome than those 
which emanate from the piuctical men. And the 
reader will here see that the prejudices and tmde 
notions of the practical men — antagonistic to the 
new system — are likely to be greatly deepened in 
intensity by the fact that the system is denounced as 
erroneous by men of science. The pmctical man is 
therefore from this very circumstance scarcely to 
blame for refusing to adopt a system which he 
finds so condemned by other men of science. And 
if two schools be formed, one for, the other against 
the new system, be may find thorn so equally balanced 
as regards position and attainments, that he is little 
to be censured for hesitating to decide between them, 
and for making up his mind to do what he thinks is 
at least the prudent thing to do — that is, to do nothing 
at aU in the matter, but allow the new system to be 
to him as if it had never existed. 
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The Belfttlon between Praetioe and Theory as closely affsoting 
the Question of Technical Edaoation.--The <<Whaf 
and the ‘*Eow” to Study. 

From wkat has been now said as to the rolatire 
positions of theory and practice, the reader will per- 
ceive the important bearing which the point has upon 
his prospects in life, and how closely it affects the 
question of study as one of the elements which go to 
insure success in it. He will perceive also the neces- 
sity that exists, if that success in life be desired, of 
giving due heed to the claims of theory as well as of 
practice— for it is only sound practice which is guided 
and controlled by sound theory. This union of the two 
inciting causes of action in life affects atiidy as well 
as workshop practice. This from the nature of things 
must be, although it is true that the opinion that 
theory and practice are antagonistic is held forcibly, 
not merely by those being taught, but by some of 
those who teach. 

In devising a system of education fitted for techni- 
cal pursuits, much of course depends upon the branch 
of business which the student intends to follow up, or 
is at present connected with. Thus it is obvious that 
those engaged in one or other of the branches of what 
is generally classed as manufacturing chemistry will 
require to be made acquainted with certain depart- 
ments of science specially applicable to this depart- 
ment — branches which, studied carefully, would not, 
however valuable, generally be of direct value to 
those engaged in one or other of the constructive arts, 
os that of the carpenter or the machinist. Still there 
is what is applicable to all callings, a general course of 
study which forms the basis of all special studies. And 
although special subjects are required for special call- 
ings, there is one system applicable to all alike — 
namely, the method of studying: that is, while the 
what ” to study varies with varying circumstances, 
the **how*' to study is and remains the same for 
all circumstances. And on this important ** how ” to 
study we have now to make sundry remarks to which 
we crave the close attention of the reader. 

In devising a system of education fitted for tech- 
nical students, the difficulty connected with the opinion 
but too generally held as to the claims of theory and 
of piuctice, and to which, with its practical effects in 
technical trades, we have already drawn special atten- 
tion, comes up for consideration. And some, it must 
be confessed, make a great difficulty in drawing or 
attempting to draw a clear line of distinction between 
theory and the design and processes which depend 
upon theory. But in point of fact the circumstances 
of actual life do in effect draw this line, marking off 
the labours of the class or study as distinct from those 
of the workshop, the factory, or the business estab- 
lishment. ISTevertheless the education, bnefly so called, 
of the technical student, as say a carpenter or engineer, 


TECHNICAL STUDENT. 

is cmly completed when the union between those two 
divisions is perfected. And this will be so when on 
the one hand the acquirements 6i the class or the 
study can be brought to bear upon the practice of the 
workshop in a manner so ready as to be almost intui- 
tively performed, and in a way so certain that the 
most accurate results may be depended upon ; while 
on the other the practical knowledge of the workshop 
comes in to help the realisation of the designer, so that 
his work shall be executed in a way at once sound, 
accurate, and economical. This last term is but 
a short way of expressing the fact that the maximum 
amount of good work is secured by the least expendi- 
ture of time and materials. On which important 
point in workshop economics we shall in a succeeding 
paper have somewhat to say. The two divisions, then, 
are not, as some seem to think, different, separate in 
aim, and to be separately followed out, but in the 
most accunite sense of the term constitute but one, 
and that, is comprised in the phrase ** practical educa- 
tion,” as for example of the engineer or of the 
carpenter. The details of each act and react upon 
each other; and each in turn and in the most 
easy and natural of ways takes the place of master 
and of servant — offering in this relationship none 
of those ever- jarring and antagonistic influences so 
observable in other unions. We have only aUuded to 
them here as two, from the circumstances of daily life, 
which apparently so classify them, as well as for the 
purposes of easy reference; it is, however, difficult 
to overestimate the evils arising from the assumption 
made by some that they are in reality two different 
things, with differing aims, objects, and methods to be 
pursued. We have said that this erroneous view is 
held by some : it would be more correct to say that it is 
maintained by the great majority of those practically 
engaged in canying on the work of technical estab- 
lishments and industrial workshops. But the evil 
done to working men by this belief is unfortunately 
perpetuated and intensified by the fact that the same 
opinion is held by so large a number, if they do not 
indeed constitute the larger proportion, of those who 
have the conduct of the education of our youth. It 
is indeed from this that technical education has 
hitherto formed no part of our national system of 
general education. This has greatly retarded ite 
introduction, and is one of the reasons why so many 
of the efforts which have been made to introduce it 
into everyday educational life have been such miser- 
able failures. It is, however, most gratifying to know 
that juster views are now held by those immediately 
concerned in the carrying out of our national system 
of general education. It is scarcely necessary to say 
Ahat our strictures on this point refer specially to tho 
"general system or systems of education — ^in which of 
late years, at all events, there is supposed to be soma 
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relation between the subjects taught and the after 
life or technical pursuits of the pupils. In the purely 
technical schools or colleges now being rapidly multi- 
plied throughout the country, the due relationship 
between theory and practice, or rather their inseparable 
connection, is fully recognised. And this is likely to 
be the case, when we consider the able men who have 
taken part in their organisation. It is doubtful, how- 
ever, whether some who may succeed them may not lose 
sight of this, and give an undue preference to theory. 
If the true relationship between scientific theory and 
practical work which we have indicated be once well 
understood and acted upon, we shall have little fear 
that it will not be properly carried out. In this we 
place our reliance upon the practical, common-sense 
way in which work is done by us as a people, pre- 
eminently workers as we are, when once we apprehend 
the nature and appreciate at least in some fair degree 
the value of the work required to be done. We look 
forward, therefore, with hope to the coming of the 
time when the true character of technical, or as we may 
here call it, practical education, shall be comprehended 
by our teachers as a body. The pernicious, because false 
motions, held now by so many as to the antagonism — 
that is, the assumed antagonism — ^between theory or 
science and practice will vanish ; and along with this, 
other fallacies which are but the offspring of this, the 
greatest fallacy of all. Not science and practice, but 
science with practice, and practice with science, always 
conjoined, working to the common end, and with aims 
in common : in other words, scientific practice.” 

Difficulty in uniting Theory with Practice in a Syetem of 

Technical Education. -The Belation of thii to Teachers. 

On the other hand, it is only right to concede tliat 
those teachers are in a difiiculty who, agreeing with 
the views entertained by the most advanced and 
practical men of the day — that if we, as a working 
people, are to maintain our supremacy as the producers 
of the world, we must henceforth make technical not 
a subsidiary but a leading part of national education 
— nevertheless, in their system, lean but too much 
to theoretical exposition. For while it is incontest- 
able that the union of piactioe with theory— -or, 
in other words, as we have put it, scientific 
practice — must be maintained and carried out, the 
details of teaching which this, os a matter of course, 
dictates and compels, are not very easily attained. 
In point of fact, this is precisely the difiiculty 
which faces teachers in general. For seeing that 
technical work in the main certainly involves, as 
an integral part of it, the doing, the making, of 
something — in other words, the supplementing of 
the designs of the mind by the labours of the hand 
— ^this making involves appliances, and those again 
places or apartments specially designed for the 


reception and working of them. Teachers, there- 
fore, naturally inquire how they are to obtain those 
facilities, and they very reasonably point out that 
if their circumstances debar them from following 
up one branch, they are compelled to devote their 
attention to what is within their reach — namely, the 
purely theoretical or oral instruction. Hence it is 
that, in view of this difficulty, purely technical schools 
and colleges are being erected and organised, in which 
every convenience and appliance is supplied by which 
the union of science with practice is secured in a 
thoroughly efficient manner. 

Belation of Working Men, considered as Fnpils, to an 
Extended System of Teoknioal Education. 

But while those institutions are well calculated to 
give a sound technical knowledge to those who attend 
them, it must not be overlooked — although it is so 
by but too many — that they will only be availed of by 
a comparatively limited number of pupils. And the 
misfortune of the matter, as it appears to many, is 
that those who are likely, we might say almost 
certain, to attend will not be of the class it is so 
desirable to influence by sound technical education. 
And that this view is likely to be accurate seems 
only reasonable to believe, seeing that it is held 
by those who have a thoroughly practical, because 
mainly business, experience of the class to whom it 
is specially, we might almost say exclusively, desirable 
to impart sound technical knowledge. 

And when one asks the question, What in reality is 
this class 1 the difficulties attendant upon the question 
of the general diffusion of technical knowledge begin 
to be apparent. For the class is simply the great 
body of workmen throughout the country, produciiig 
by their daily and arduous labour the numerous 
articles which go to make up what are called the 
manufactures and trade products of Gi*eat Britain. 
The name of these is ^Megion,” constituting by far 
the majority of the population. Not only are the 
members of this class numerous to a degree far 
beyond what many think of, but they are scattered 
here and there all over the country. In some districts, 
which are so exclusively devoted to technical work that 
they get the specific name of manufacturing,” the 
workmen are congregated in dense masses ; in others 
they are more thinly and widely spread ; and in some 
they are met with only in small bodies, almost isolated 
in locality from othei’S* This position of matters is 
simply a fact — and we have to deal with facts as they 
are— and it is fiM)m this fact that arises the practical 
difficulty in solving this important question : How 
best to impart to the vast l^y of technical workers 
that education calculated to improve their working 
capacity, so as to enable them to maintain that 
supremacy which they enjoyed so long as the pro- 
ducers or makers of the world. 
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THE IBOH MAKER. 

The Details of his Work akd the Pbinoiplbs of its 
Pboobsses. 

OHAPTER VII. 

The following are the insoluble constituents of the 
Cleveland iron ore, which we noticed at end of last 
chapter; Silica, 1*50; Alumina, *10; Peroxide of 
iron, 3*60; Lime iron, *05; Magnesic sulphur, *06; 
Potash, *27 ; Percentage of metallic iron,* 33*62. It 
will be perceived that, compared with the carbonates, 
and still more favourably with the heematites presently 
to be noticed, the Cleveland oi’es are rich in phos- 
phoric acid. Practically this results in giving to them 
so high a percentage of phosphorus — a most debasing 
element, as we have already noticed — as 1| to 1| per 
cent. 

Practically the richest of our native ores are the 
*‘Iled Hiematites,” the chief looah of which is in 
Lancashire and Cumberland ; in the latter county 
their abundance has given rise, within a period of not 
much over a quarter of a century, to an extraordinary 
development of the iron trade in the district of 
Ulverstone, of which Bari'ow-in- Furness is the chief 
town. The rapid rise of this now large and densely 
populated town, returning a member to parliament, 
is perhaps the most striking evidence of what com- 
mercial power there is in the fact that a district 
possesses a good supply of some material or substance, 
such as iron, useful in the industrial arts. The ore 
takes its first distinctive name — separating it from the 
poorer iron ores known as the “ Brown Hesmatites 
— from the deep red colour it possesses. It is so soft 
that the ore may be used to mark objects, just as 
chalk is used. While abundant in our own country, 
in other districts than Lancashire or Cumberland — 
mch as in Devonshire and the adjacent county of 
Cornwall, in Glamorganshire, in Ayrshire in Scotland, 
and in the north of Ireland — it is specially abundant 
in some districts of the Continent, such as at Bilbao 
in Spain, and in Norway. It is met with largely in 
America, and in many other districts and countries. 
The following is the analysis of a specimen of Red 
H(ematite: Peroxide of iron, 93*35; Alumina, *40; 
Phosphoric acid, *12 ; Percentage of metallic iron, 
65*30. Particularly low in phosphorus, the red 
h(ematite was from an early period used largely, and 
still is, for steel making on thf Bessemer process. We 
have seen that Cleveland iron — a much cheaper ore — 
now competes successfully with the red hsematites. ^ 
The ores known as “ Brown Haematites ** are in this 
country chiefly represented by the Northamptmisdiire 
ores and those of the Forest of Dean. The brown 
haematites are generally mixed with earthy matter, ancLi 
have a large percentage of phosphorus, as will be seen* 
from the following analysb: Protoxide of iron 


73*70 ; Alumina, *87 ; Protoxide of manganese *74 ; 
lime, 1*13; Magnesia, *17; Carbonic adid, *16; 
Moisture, 4*89; Combined water, 11*20; Phosphoric 
acid, 1*31; Silica (insoluble), 5*47; Percentage of 
metallic iron, 53*34. 

We have said that under the new regiim of quick, 
cheap, and eae^ transport of the times we live in, ores 
of iron are imported into England from a wide range 
of countries— the chief being Continental, others 
even in the New World and the Antipodes. The 
richest ore we thus obtain jtelongs to the class known 
as magnetic oiddes ” or magnetic ores.” They are 
represented in this country, being found in North 
Wales, Devonshire, and Yorkshire, but not in 
sufficient quantity to make them commercially valu- 
able and available. The chief Continental districts 
for these magnetites are in Norway, Sweden, and 
Russia ; they are found in India, the United 
States, and, in the form of a species of sand, in 
enormous bulk in our own province of Canada and in 
the colony of New Zealand. The Swedish iron has 
long been known as, and still is, the finest of all our 
wrought ii‘ons : hence its almost exclusive use in the 
manufacture of tool steels. (See the papers under 
the title of the ‘‘Steel Milker.”) Magnetic ore is 
dense in mass, of a deep dark, or rather black colour, 
possessed of a kind of metallic 111311*6, and is moi e or 
less highly magnetic. As crystals they are often 
highly magnetic, and form what every one has heard 
of — “loadstones.” When the ore is in its purest 
condition it yields the richest metallic iron, possessed of 
great ease in working ; hence it was the oro used in the 
primitive days of the iron manufacture. An analysis 
of one sample shows the following constituents: 
Peroxide of iron, 67*78; Protoxide of iron, 29*05 ; 
Peroxide of manganese, *05 ; Lime, 7*94 ; Magnesia, 
2*05 ; Combined water, -31 ; Percentage of metallic 
iron, 70*04. This happens to be a very rich 
specimen: the percentage of metallic iron may be 
put down much lower — as 54. 

General Oharaoter of the Prooeis of Bedncing or Smelting 
Iron Ore. 

Having given brief desciiptions showing the char- 
acteristics of the iron ores used in this country in 
the manufacture of iron, and anelyses of their con* 
stituents, we now are prepared to enter into the 
details of the manufacture itself. We have said that 
the two forms in which the iron of commerce is met 
with amongst us are, first, cast iron — ^in the trade 
almost always termed pig iron — and wx*oiight iron, 
otherwise and popularly called “ malleable iion.” 
As wrought iron as generally made may be called, 
and indeed is, a seoondaiy product, and is the result 
of treating east iron in certain ways, it is of course 
necessary to describe in the first instance the manu* 
faetui^ of cast or pig iron, which thus takes the place 
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of the primary product of the iron manufacture in 
its generic sense. 

It is scarcely necessary^ we should think, to inform 
any one of our readers that metallic iron — or iron, to 
use the term by which it is universally called and 
known — is produced by acting on the ores by heat. 
One knowing but little of metallurgy, from what we 
have said of the ores, and from what they know of 
such a familiar object as a lump of iron,” may fairly 
and correctly conjecture that this heat will require to 
be very great, and in all probability long continued, 
in its action upon the ores. This obviously necessi- 
tates the employment of a furnace, and one the special 
design of which will be such as to insure not only 
the ea£^ creation but the steady maintenance of the 
high temperature required, and the facility in main- 
taining or keeping up the supply of the ore to, and 
the withdrawal of the resulting produce of the process 
— that is, the formed iron — from its interior. 

A very little consideration will show to those 
iminitiated in metallurgy that the ‘^oro,” from its 
nature, cannot itself be combustible. It may, as 
in the case of the Black-band oras, possess a large 
percentage of coaly matter which may aid combustion ; 
but 86 f an ore to be heated possesses no qualifica- 
tion- by which it con be made to heat itself. This 
condition clearly demands that in the process of 

reducing the ore, or smelting,” as it is also termed, 
a fuel of some kind or another will bo required. 
Further, the uninitiated reader requires to be told, 
although he may by some thinking over the subject 
conjecture the fact, that to facilitate the “ reduc- 
tion ” or smelting ” of the ore a substance known as 
a flux ” is used. This flux is lime. To keep up the 
intense heat required in the furnace, a blast of air, 
produced by what is called a blowing engine, is used — 
hence the term “ blast furnace ” applied to that form 
used in the manufacture of cast or pig iron. We 
shall hereafter go more fully into the details of 
the processes actually gone through in a furnace 
during the reduction or smelting of the ore within 
it ; meanwhile we simply state that the three 
materials — the fuel, the flux, and the ore — are placed 
within the furnace in a certain way, and the heat 
maintained by the continued blast. Before coming 
to consider the action of the furnace and the 
behaviour of its carbonised materials, it will be 
necessary to glance briefly at the three substances — 
the fuel, flux, and ore. 

Puel used in Bednoing or Smelting Iron Orel. 

We now take up a most important part of our 
subject — fuel ; for upon the quality and abundance or 
otherwise of the fuel employed, the quality of iron pro- 
duced, as well as the yield obtainable per week, largely 
dep^ds, The essential constituent of all fuel is, of 
course, the element carton ; in its purest form, as practi- 


cally used, it exists as wood-charcoal, and it is for this 
reason that wood-charcoal presents the best fuel for 
the purposes of the blast furnace ; it may therefore be 
looked upon as the ** type ” of fuel, and may be taken 
as a standard from which the value of other fuels, as 
coal or coke, may be determined. There are a great 
number or varieties of fuel ordinarily employed, but 
that giving the most pure iron and the most valuable, 
—iron that is used only in the manufacture of very fine 
articles — is the expensive wood charcoal. This form 
of carbon is of course very much too costly to be made 
extensive use of in the making of articles of utility 
that are manufactured on an enormous scale; for 
such purposes the most suitable niaierial is good coke 
or charred bituminous coal. Coko is almost universally 
employed in England for this purpose. Such is the 
case in this country ; it is difibrent in America, where 
wood in some districts is as cheap as it is dear here, 
and the Americans now largely make use of wood- 
charcoal as fuel. Wood-charcoal is, notwithstanding, 
still sparingly used, we believe, in one or two of 
our own districts, such as in Newlands, in Ulver- 
stone, and at Inverary. On account of the great 
quantity of moisture and of mineml substances 
contained in peat^ that form of fuel is not ap- 
plicable to the manufacture of iron. So also is 
stone-coal or anthracite unsuitable for the blast fur- 
nace, because, being so extremely compact, combustion 
proceeds far too slowly. What is called hard coal, if 
not bituminous or hard, is frequently employed : it is 
generally considered infeiior, hewever, to first-class 
coke : indeed, raw bituminous coal is not suitable 
for the blast furnace, owing to its great tendency to 
form into cakes, or ‘‘crosil ” together, as the technical 
expression goes. For precisely the same reason, very 
soft coal. is unsuitable. 

As already stated, the chief material used as fuel 
in the smelting of iron ores is, in England, coke ; 
and, although inferior to wood- charcoal, it is much 
cheaper and more convenient in use. Coal is, how- 
ever, still largely employed; and especially is this 
the case in Scotland. Thus, for example, in a blast 
furnace in the Glasgow district coal obtained from 
the Lightmoor Works, Shropshire, and known as 
“clod coal,” gave a production of a ton of iron in 
the furnace to three tons of coal by cold blast — ^the 
loss sustained in coking amounting to 45 per cent. 
Another variety of coal fi’om the same district and 
used in the same furnace yielded only a ton of iron 
for 6very five or five and a-half tons of coal, the loss 
in coking being 50 per cent. The former coal was 
a soft variety, a horizontal section of it exhibiting 
pores completely filled up with carbonaceous matter ; 
the second variety of coal was rather hard, and trans- 
verse divisions were filled with calcareous matter. 
These two examples will convey a tolerably accurate 



192 


THE IRON MAKER. 


idea of the mfluence which the mere hardness or 
softness of the coal has upon the quantity required 
for the production of each ton of iron. 

Mineral or pit coal has only been comparatively 
recently used extensively as a furnace fuel. The 
chief English districts for this coal are Stafford- 
shire^ Yorkshire, Northumberland, Durham, Lan- 
cashire, and Cheshire. In Scotland, also. North and 
South Wales, and certain parts of Ireland, it is very 
abundant. This coal is very rich in carbon ; it 
exists, like the last variety, in different forms. The 
following table shows the composition of coals from 
Wales, Newcastle, and from Scotland, and is taken 
from the ** Third official Koport on the Coals suited 
for the Royal Naval Steamers.” 



Wales. 

Newcastle. 

Scotland. 

Carbon 

89*78 

84-92 

76*09 

Hydrogen 

6*15 

4*53 

6-22 

Sulphur 

1*02 

•66 

1*63 

Nitrogen 

21G 

•96 

1*41 

Oxygen 

•30 

6-66 

6*06 

Ash . 

1*5 

2*28 

10-7 


In the following table are given analyses by Mr. 
Riley of blast-furnace coals and of their ashes. In 
both tables the figures denote : 1. Dowlais upper 4-ft. 
coiil ; 2. Dowlais Ras gas coal j 3. Bargoid big coal ) 
4. Tomo Yard coal, — and ash of these coals in the 
second table. 




Welsh. 


Stalfordshire, 


1 

2 

3 

4 

Coal 

Coke. 

Carbon 

89*60 

88*13 

87-62 

82-60 

76-32 

86-14 

Hydrogen 

4-37 

4-37 

4-34 

4-28 

6-18 

•78 

Nitrogen 

1*26 

1-41 

118 

1-28 

1-38 


Oxygen 

814 

2-94 

2-63 

8-44 

10-74 

1-24 

Sulimur 

•64 

1-01 

1-06 

1-27 

1-01 

2-16 

Ash . 

1-20 

2-00 

8-32 

7-18 

6-37 

10-68 


100-00 

100-00 

100*00 

100-00 

100-00 

100-00 


3 4 


Silica . 

36-73 

24-18 

37-61 

89-64 

Alumina 

41-11 

20-82 

38-48 

89-20 

Poroxido*of iron 

11-16 

26-00 

14-78 

11-84 

Lime 

2-76 

9-38 

2-68 

1-81 

Magnesia 

2-66 

9-74 

2-71 

2-68 

Sulphuric acid 

4-46 

8-87 

•29 

..... 

Phosphoric acid 
Sulphur 


•21 

•14 

2-00 

8-01 

Iron • 


*24 


— 


98-83 

99-08 

98-40 

98-88 

Metallic Iron 

7-80 

18-68 

10-80 

8-28 


It is a disputed point among authorities whether 
coke or ooal is, in the end, the more economical 


fuel to use in smelting. Sir Lowthian Bell, the 
great authoiity on blast furnace management, gives 
it as his opinion that where the caking property 
already referred to is absent* there is an advan- 
tage in using raw ooal, ^^for it is immaterial,” 
says this eminent authority, whether the loss of 
a portion of the fixed carbon takes place in the 
furnace or in the coke oven, and under any oir- 
cumstances, the labour and other expenses connected 
with coking are avoided when the fuel goes direct 
from the mine into the furnaoa” In the Cleveland 
district coke is chiefly used, ^This arises from 
the fact,” says Sir L. Bell, “ that the produce of the 
Durham coalfield is so bituminous that in the raw 
state it offers insurmountable difficulties by impeding 
the free passage of the blast and thus preventing 
the regular descent of the contents of the furnace.” 
This reason, indeed, will be found frequently to be 
the cause of the * employment of coke in preference 
to coal in so many of our English iron-smelting 
districts. When the coking is done in an oven such 
that no fixed carbon is lost, then there is an advan- 
tage in coking, but, as it is, from coal containing, say, 
70 per cent, of fixed carbon, only about 62 per cent, 
of coke is obtained. Thus it would seem that, 
unless further improvement in the construction of 
coke ovens be made, it is not advantageous to coke 
previously. Then, again, when raw coal is used in the 
furnace, the resulting gases are wasted, so far as the 
furnace itself is concerned ; when coke is employed 
these gases are utilised in the recent improved ovens. 
The latter method — employment of coked fuel done 
in improved ovens — ^is in Mr. C. W. Siemens* opinion 
the best. The following may be given as an instance 
of the comparative values of coke and coal. At the 
Clyde Iron Works, near Glasgow, in 1829, 3 tons 
of coke was found to do just as much work by cold air 
blast as 6 tons 13 cwt. of coal ; while again by hot 
blast, at 450^ Fahr., 1 ton 18 cwt. of coke was found 
equal to 4 tons 6 cwt. of coal. 

Again, experiments by Mr. Phillips, on the com- 
parative values of fuel, which, although not having 
special reference to smelting, stiU bear on the subject, 
show that while 1 lb. anthracite from Glamorganshire 
will raise 75’73 lb. of w^ater from 32" Fahr. to 212% 
1 lb. of coke from Durham coal raised 71*59 lb. 

We have referred above to Durham coke: the 
following analysis of that used at Askam, Barrow-in- 
Furness district, is given by Mr, William Orossley, 
in the paper we have already referred to. 


Analysis of Dubhah Cokb. 


Sulphur 

•70 

Ash 

. 6-00 

Moisture and loss .... 

. -92 

Carbon (by difference) , . , 

. 93-31 


100-00 



THE IRON MAKER. 


198 


Fluxes used in the Blast Furnace for the Beduction of the Ore. 

In order to the reduction of iron ores it is necessary 
that there should be present some substance which is 
capable of ready union with the rmnerctl impurities 
of the ore. These earthy or mineral constituents 
generally consist of various admixtures of oxides of 
silicon and aluminum and other metals. The sub- 
stance which is provided for the removal of these 
substances is termed a flux ; by the union of the 
latter with the former a compound is formed which 
is in essential characters a sort of fusible glaaa. The 
materials most commonly used as blast-furnace fluxes 
are limestone, chalk or calcareous spar, and quicklime ; 
in certain cases also, as when the ore to bo reduced is 
of a calcareous nature, the addition of other substances 
is found to be useful, as a proper proportion of clay or 
sand, etc. The carbonate of lime or limestone, as a 
flux, gives up its carbonic acid as it becomes heated 
in the furnace ; the consequence is the formation of 
caustic lime. Now, it is this latter substance, and not 
the carbonate of lime itself, that unites with the silica 
and alumina of the ore* The compound formed is a 
double silicate of lime and alumina. The flux used at 
the Askam furnaces consists of limestone ; the follow- 
ing table shows its composition : - • 


Analysis op Stainton Limestone. 


Carbonate of lime 


95-00 

Carbonate of magnesia 

f 

4*20 

Silica 

• 

. . 0-60 

Oxide of iron and alumina . 

• 

•80 



100-00 


Carbonate of lime in an almost pure state is used 
as flux in the Cleveland district. It contains some 
56 per cent, of caustic lime combined with 44 per cent, 
of carbonic acid. 

Limestone is sometimes used raw,” and sometimes 
in the calcined or roasted state ; and just as we have 
seen a great diversity of opinion to exist as to the 
advantage of using raw or roasted ore, so also 
authorities are at issue as regards the comparative 
advantages of the two methods. Nearly as much 
heat (5000 centigrade units) is employed in expel- 
ling the carbonic acid from the raw limestone as 
there is (5300 centigrade units), in reducing this 
carbonic acid to the lower oxide — carbonic oxide. 
This heat is equal to, according to Sir Lowthian Bell^ 
3 cwt. of coke per ton of iron produced; hxki practically 
the use of calcined limestone is never attended by 
such a saving of fuel. The same authority accounts 
for this latter circumstance in the following manner. 
^'In the upper region of a blast furnace there is a 
space where carbonic acid up to a certain propor- 
tion, say 40 volumes of carbonic acid to 100 of 
carbonic oxide, does no harm, because neither is the 
tc mperature in that region high enough for enabling 
it to take up carbon from the coke in the presence 
of so large an excess of carbonic oxide, nor is there 


any metallic iron present in that part of the furnace 
which the carbonic add could oxidise.” When raw 
limestone is employed the heat in this space is not 
high enough to drive off this carbonic add : so that 
it is only expelled when the lower and hotter part 
of the furnace is reached. But the heat which is 
enough to expel the carbonic add from the flux is 
suflident to convert it into carbonic oxide by the incan- 
descent carbon there present, and for this latter work 
more heat is required. Previous calcination, however, 
does not save this heat as well as that required to 
obtain the carbonic acid at flrst, because caustic lime 
(which is formed, as we have already stated when raw 
limestone is used) attracts less carbonic acid at a very 
high temperature. 

The use of calcined limestone,” says Sir Lowthian 
Bell, “ requires the combustion of a sufficient quantity 
of small coal outside the blast furnace to drive off the 
carbonic acid from the limestone ; and also the com- 
bustion of a sufficient quantity of coke inside the 
furnace for reducing to carbonic oxide the smaller 
quantity of carbonic acid, which has subsequently 
been taken up again in the furnace by the caldned 
limestone.” Then, in regard to the use of raw lime- 
stone, he sums up by saying that it necessitates the 
combustion of a sufficient quantity of coke inside the 
furnace, both to drive off the carbonic add from the 
limestone and to reduce it to carbonic oxide.” The 
conclusion is that previous calcination effects a small 
economy as regards cost, but none whatever so far as 
the heat is concerned. 

** Oliarge ” of tbe Blast Famaoe. 

We now come to the ** charge ” of the blast furnace 
in the making of cast iron. The three classes of 
materials used in the manufacture of ** pig iron ” or 
cast-iron” — the ore which 3 rield 8 the iron, ,the flux 
by which the process of smelting is aided, and the 
fuel which supplies the high degree of heat required 
to act upon them both, and to produce what may be 
called the chemical combination effected in the interior 
of the furnace — are placed in its interior in certain 
proportions. It may easily be conceived that those 
proportions vaiy, not merely from the different views 
held by different makers, but from the ciiTJumstanoe 
that the materials of the “ charge ” vary in kind and 
quality according to the district. We can here, there- 
fore, but indicate in a general way the proportion of 
a charge,” by which name the combination of the 
three varieties of material used is known. 

In the Askam (Cleveland district) furnaces each 
ton of pig iron requires about six tons of those 
materials, composed as follows : — 

Tons. 

Cleveland ironstone , 350. * 4*25 tons raw material 

Limestone . . • 0*75) besides fuel. 

l-S"' l-StonfueL 

Coal. .... 0*60 j 


6*05 
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THE PRBPABATION OF WOBKINO DBAWINGS, OF SPBOIFI- 

CATIONS, AND OONTBACTS FOB WOBK. 

CHAPTER XL 

At the close of last chapter we commenced our 
specimen of the general conditions attached to 
specifications by naming that the specifications and 
the drawings are to be considered as constituting one 
document only. ‘‘ But should there be any work to 
be done, or materials to be provided, which may not 
be named in the specification or delineated or shown in 
the drawings, but which according to usual custom or 
general practice are considered necessaiy for comple- 
tion of the works, the contractor or constructor is not 
by virtue of or under cover of this omission to consider 
himself absolved from doing the work or providing 
the materials. But, on the contrary, it is expressly to 
be understfx^d, a? id is hereby provided as one of the 
essential conditions upon which the contract is based, 
and upon which the works are to be done, that the 
contractor or contnictors must include the work to 
be done and the materials to be provided in his tender 
as if both or either of them had been precisely and 
accurately shown in the di-awings and clearly stated 
in the specification. The contractor or contractors, 
in the spirit of this last-named condition, must con- 
sider himself or themselves to be, and hois or they are 
hereby bound, and must bind himself or themselves, 
to execute and to find generally and supply whati- 
soover in the way of work or material may be 
found necessary to complete the works according to 
the true and recognised moaning and generally 
received purport of the drawings and specification. 
And should, at any time during the progress of the 
works, any point arise which may give occasion for 
doubt or dispute in connection with the above point, 
or in connection with any other point involved in the 
execution or carrying on or out of the works, the 
point or points which may give rise to doubt or 
dispute ai o to be left to the decision of the architects, 
and which given in writing is to be final and with- 
out appeal. From the commencement of the works 
to the complete and final finishing of the same in 
every detail, the 001*6 of the same and whatever 
appertains thereto is held to be or lie with the 
contractor or contractors, or the seveial contractors 
preparing work under him or them, who are each 
and all in his or their respective department or 
departments to protect and preserve the same. And 
in the case of any damage or injury happening to 
any part of the works being carried on — by the work- 
men employed, by wilful and malicious destruction 
or by careless and thoughtless workmanship, or by 
the inclemency of the weather, or by fire, or by any 


cause or accident whatever, the contraotori or any one 
or all of the contractors whom it may concern, or in 
whose department the injury is done, or with whom 
the accident occurs, shall make good, repair, or supply 
the same at his cost or their cost. Ho that at the 
conclusion of the several works every part of the 
whole work may be complete and perfect, to the 
thorough satisfaction of the architect. And it is one 
of the conditions upon which the contract is based, 
and upon which all its work is to be executed, that in 
no case or at no time is the proprietor or owner 
of the house or structure being erected to be made 
chargeable for anything lost, stolen, destroyed or 
damaged. And further, it is one of the conditions 
upon which the contract is based, and upon which 
all the works under it are to be executed, that the 
proprietor or owner of the property shall have the 
right through his architect of maHng such altera- 
tions in or additions to the several works as they 
proceed without nullifying or invalifhxting tlie con- 
tract. The value of such alterations or additions is 
to be ascertained by the architect, in which case the 
contractor is to deliver to him or to the clerk of works 
a statement every day of the time and materials 
for such additions, and in default of the same 
such extra charge will not be allowed and paid for. 
And such extra works shall be previously contracted 
for as the architect may deem fit, and the amount 
to be paid or deducted as the case may be. But 
it is to 1)6 understood that the proprietor will 
not feel himself bound by any orders which may 
be said to have been given verbiilly for any such 
.Mlivomtions or additions, and consequently no allow- 
ance will l>e made for any such works, except the 
contractor or contractors can produce a written 
order to that effect signed by the architect. 

‘‘It shall be in the power of theaichitoct or clerk of 
works to reject and cause to be removed any part of 
the materials or workmanship, which either or both 
of them may consider improper and unwwkmanlike, 
upon first giving the contractor two days* notice in 
writing to that effect. And in the event of the con- 
tractor refusing or delaying to rectify or refusing to 
comply with the orders so given to him in writing, or if 
01^ the other hand the contractor shall perform all or 
any part of the work in an improper, careless, slovenly 
or incomplete manner, or in case the works be not 
proceeded with with all due speed or proper despatch, 
then in all or any of such cases the proprietor or 
owner through his architect shall have power and be 
at full liberty to suspend the further execution of 
the works by the said contractor. After having 
given six days* notice in writing to that effect be 
0 to have the power to take the contract out 
of his hands and employ and engage any other 
person or persons, subject to the terms of the original 
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amtvQCt, to duly perform and execute it. In the event 
of this case happening, the costs and charges thereof 
«^hall be paid or allowed under certified statement by 
the architect to the proprietor by the original con- 
tractor or contractors, or by his or by their sureties, 
or deducted from the money which may be due at the 
date on which the said contract is taken out of his or 
their hands. It is distinctly understood that the works 
are to be commenced immediately after the signing of 
the contract, and the whole to be completed to the entire 
satisfaction of the architect on or before the day 
of , one thousand eight hundred and 

“But if the works bo not completed by the 
date here named, the contractor is or the con- 
tractors are to forfeit and pay the sum of 
shillings per day for each and every day exceed- 
ing the date herein stated, until the entire c(jm- 
pletion of the several works to the satisfaction of the 
architect as aforesaid. The payments to be made in 
instalments of £ , each payable at such times 

as the architect shall consider the contractor has been 
suflScienl ly advanced and work completed in excess to 
the extent of one-fifth of the amount so advanced or 
of instalments paid. 

“ It is also to be distinctly understood as one of the 
conditions that the building from its commencement 
to its finishing or completion to the satisfaction of the 
architect, and the materials placed on the land, are 
to be considered as in the possession of the proprietor, 
without tending to make void or invalidating any of 
the foregoing conditions, or making him liable to risk 
or damage of whatsoever description. And the con- 
tiactor is to deliver the buildings up to the proprietor 
at the completion of the works in a clean and perfect 
condition. 

“ The contractor is or the contractors are to provide 
at his or their cost or charges a complete set of 
tracings — upon tracing cloth in order to stand wear 
and tear — of the various drawings prepared by the 
architect, and to provide with lock and key a suitable 
box to receive them, and which box with its contents 
of tracings is to be fitted up in such convenient and 
prominent place as to bo within ready reach when 
the tracings are required or any ono of them for the 
purposes of reference during the progress of the 
works. The proprietor, the architect, and the con- 
tractor or contractors, each and all of them, to be pro^ 
vided with a key to the said box, so that any one of 
them can have access to the tracings should the others 
be absent from the grounds. 

“ And with reference to the drawings provided by 
the architect, it is to bo understood as one of the con- 
ditions upon which the contract is based, that where 
there happens to be any discrepancy between the 
figures which give dimensions and measurements as 
written or printed upon the dravdngs, and such 


measurements or dimensions in the drawings as 
may be judged by and taken from the scale or 
scales attached to and forming part of the draw- 
ings, then the figures on the dra>vings are in all 
cases to be preferred. And it is also to be under- 
stood that along with the complete set of tracings 
of the drawings before referred to as to be kept on 
the premises or grounds in a box, a copy certified 
by the architect to be correct of the specification is 
to be deposited, as also a certified copy of the present 
conditions. The tracings are also to be certified by 
the architect as correct, before they are delivered to 
the contractor or contractors to be deposited in the 
box on the grounds or premises aforesaid.” 

Oonditloni attacked to Speoilloatioxii {continued). 

The following is an example of n specification 
adapted for a villa or detached house, such as we 
have illustrated in figs. 1 to 10 inclusive. In speci- 
fications for buildings of a superior class, where the 
clauses are numerous, it is a good plan in drawing 
them up to provide “marginal references,” pointing 
out the position of the various leading clauses. This 
is illustrated in the specification we give, and is a 
method well calculated to facilitate ready reference 
when the specification is to be consulted during the 
progress of the works. 

SPECIFICATION of work required in the erection 
of a villa or detached residence^ in accordance 
with the 2 )lan 8 f elevations^ sections, and detailed 
drawings accompanying this specification and 
numbered consecutively from 1 to inclusive. 


EXCAVATOR S WORK. 

To dUg out tho ground and the footing trenches, 
where necessary for the several walls, cellai’s, drains, 
as shown on plans, and fill in and well p^otings 
lum the same, as the difierent walls are 
carried up. To cart away all supei iluous earth and 
deposit it where the architect or his clerk of works 
(if any) may direct. The whole of the siirhice earth 
(if suitable) to be reserved and after- gy^facesoil. 
wards spread evenly arid uniformly over 
garden and lawn. All water that may arise from 
springs, rain, or any other cause, must be removed 
from all the excavations as soon as discovered, and 
not allowed to settle and remain there. The concrete 
under all walls whei*e shown to bo in no part less than 
one foot thick and double the width of the lowest course 
of footings. The concrete to be made of good clean 
gravel or small stones or broken brick 
(none of the pieces to be larger than to ^un^tbns. 
pass through a |-inch sieve mesh) and 
. of Portland cement, in the proportion of thi'ee parts 
of gravel, small stones or broken brick, to one of 
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Mortar. 


Walla. 


oement^ The whole to be thoroughly incorporated 
in a dry itate, and the water added by degrees. 
The concrete where used to be tipped into the 
trenches from the highest possible point, 

bricklateb’s work. 

The whole of the bricks used throughout the 
building to be of the best description of stock bricks, 

, , sound, hard, and well burnt; no “place” 

Kind and , . , , , , / ^ , 

quality of bncks or any which are soft or unsound 
bricks. ^ pgj.^ Qf works. 

The mortar to consist of grey stone lime, and clean, 
shaip-screened and well- washed river sand, 
free from all impurities, in the proportion 
of three parts of sand to one of lime ; the lime and 
sand to be carefully mixed together and afterwards 
passed through a pug irdll twice or thrice, to be 
thoroughly incorporated. The walls are to be built 
in regular courses, bond (see the 

papers on “ The Bricklayer ” for descrip- 
tion of varieties of bond), and of the different lengths 
and thicknesses shown in the drawings. No four 
courses shall exceed thit*teen inches in height, and 
the whole to be carried up in a regular manner. 
The mortar used throughout to be of such consistency 
that the workman may be enabled to flush up each 
joint full and sound, and course by course. No 
“toothing”, to connect other walls to be left, but 
the walls are to be worked back and properly bonded. 
Footings footings are to be in three courses ; 

the lowest course must be twice the 
thickness of the superincumbent wall built upon the 
footings. The bricks used in the building of the 
footings to be all carefully selected, the hardest and 
soundest; and no “bats” are in any case to 1)0 
used. The window splays to be neatly 
and all quoins accurately formed. The 
walls on top floor to be set or splayed back 
or recessed to receive the wall plate, timbers, etc., of 
roof truss. All “ putlog ” holes to be carefully filled 
in ; and if after the completion of the woiks any defect 
Defective bricks should show, or efflorescence or 
bricks to be splitting take place, the defective bricks 
taken out, taken out and new ones sub- 

stituted, thoroughly sound and good. To form all 
. projections for strings, plinths, and cement 

runnings, and securely tie m the some. To 
carry out all corbelhngs for fireplaces and bearings for 
timbers. To properly bed and secure all lintels, wall 
plates, and templates. Arches, in nine-inch work, to 
Arches tumed over all lintels and openings, 
unless otherwise shown in drawings, in 
half-brick rings, with joints properly broken. Nine- 
inch arches in cement with bricks set in “ Portland ” 
to be tumed over cellars, the spandrils to be filled^ 
in with hard, dry “rubble” work. Properly foimr 


core, and carefully parget all flues. l%e dimensio&B 
of the same to be not less 14 -X 9 In. „ 
for the ordinary rooms, and 18 X iiin. 
for kitcdien fireplace ; 4|-ln. arches to be turned to> 
all fireplaces, and “trimmer arches" to 
all hearthstones except those on base- 
ment or cellar fioor. Build in boiler and 
furnace in scullery with all necessary fire-bricks, the- 
external face to be carried up with hard, sound brioks,. 
neatly tuck pointed, and with “ boll-nosed ” or rounded 
bricks at corners. Rx all grates through- 
out house, finding and setting in loam all 
necessary fire-lumps and fire-bricks, which must be of 
the very best description. Pi-ovide and lay from water- 
closets 6-in. glazed stoneware pipes, properly jointed 
in cement, Md with a gradient fall or 
incline of 2 in. in every 10 ft., and securely® 
connected with sewer; the remainder of 
the pipe to be 4 in. in diameter, laid with a suffi- 
cient fall, and jointed as before ; all necessary bends,, 
junctions, and siphon traps to be found and properly- 
fixed and laid. The cellar to be paved Q^jiar floors 
with hard, dry bricks, laid in moi'tar 
on a properly prepared bed of hard, dry rubble, or,, 
by preference, with Portland cement concrete, 

mason’s work. 

All the stone to be used throughout the building 
to be of the best description of its kind (according to* 
locality or class of stone selected), sound, 
free from all sand-holes, veins, or other 
defects. Tlie ornamental work — as string 
courses, window and door heads and dressings, anej 
trusses, etc. — to be worked in freestone, 
each block to be laid in its own bed and 
properly jointed. The steps loading to 
cellai’ to be of tooled stone, 2 in. thick, SetoTv 

brick “ risers,” and properly bedded in mortar. The* 
stops to front door to be of the best 
stone, 11 -in. “tread,” 7-in. “riser,” with 
moulded “ nosings ” an'S properly weathered. Tooled 
stone steps to be placed at back door leading 
into garden, and to have 10-in. tread, 7-in. riser. The 
scullery and larder floors to be laid with stone^ 

paving, tooled on one face and properly ^ 
jointed and bedded in mortar, no stone to 
have less than 9 ft. of superficies or surface. Two- 
inch “ rubbed ” stone hearth-slabs, 

of the very best quality, to be laid ^ or^^stoni^ 
drawing-room and parlour fireplaces, of 
the length and width as shown in drawings. “ Tooled 
slabs and inner hearths to kitchen and bedrooma,^ 
firmly bedded in mortar. Provide and fix 
in scullery a York stone slop-stone, **^*^** 

4 ft. long, 1 ft. 6 in. wide, and 6 in. deep, with hoie* 
cut in centre for bell trap. 
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THE TEOHHIOAL STlTOEirrS lETEODirOTIOH 
TO THE OEKEEAL FBIHOIPIES OF 
HEOHAEICS. 

Laws affbotino Natural I^bnomkna— Matter 
AND Motion, 

CHAPTER XXIV. 

SlMtiolt 7 .-~'B 60 oil.— BesiUeiioy {continued'). 

In concluding last chapter, we stated under the above 
head, that from the popular point of view the reader 
would have no difficulty in deciding whether a body 
was elastic or not. In grasping or touching a body he 
as it were so intuitively feels that it is either elastic 
or the reverse, that he would very likely be surprised 
at being asked if the one was and the other was not 
elastic. So assured is he in his own mind that the 
one tells, so to say, its own tale so readHy, as against 
that of the other, that there is no room for doubt. 
But while this popular or general conception is on 
the whole mainly correct in its decision as to this 
property of genei*al bodies, it is apt to give in some 
cases conceptions which are the reverse of accurate. 
Take any given number of people who have not received 
what is called a very liberal education, including in 
this term a knowledge of the general facts at least of 
science or technics, and it may be safely affirmed of 
them that they associate the idea of what elasticity is 
only with bodies which are soft and capable of com- 
pression. Thus, they can tell at once, and as they 
conclude with absolute accumey, that a mass of clay is 
not, while one of india-rubl)er or of worsted is elastic. 
But they consider that they are quite as accurate, 
when they grasp or touch or attempt to press together 
a ball of ivory or a ball of steel, in saying that 
neither the one nor the other is elastic, and this 
simply because both bodies are very hard. At least, 
if pressed for a reason why they so conclude, they 
would possibly have a difficulty to give another reason ; 
or perhaps many would be content to give that 
particular reply which is so often given in such cases — 
“ I cannot tell why, 1 only know that those things are 
not elastic,'* confounding here knowledge with mere 
assumption or feeling. Perhaps the only exception 
to this popular conception that hardness is not elas- 
ticity is in the case of steel springs, the material of 
which is hard, but the whole body of which so arranged 
is elastic. But this idea in all probability flows from 
the mere arrangement or shape which is given to the 
metal ; and that this is very probable may be gathered 
from the fact that the same mass of metal if presented 
to them in the form of a thick bar or a ball would be, 
as we have seen, pronounced or said to be non-elastic 
or inelastic. Just as they would pronounce a large 
and thick piece of whalebone to be non-elastic because 
it was hard and to touch or pressui^e apparently un* 
yielding, while if they saw it placed so as to act as a 
VOL. in, 


familiar acquaintance with springs of various kinds 
has taught them it will act, they would at once 
decide that it was elastic, and thus dispute its hard- 
ness. But apart from this, which we take to be almost 
the only exception to the popular idea that softness or 
a capability to yield to pressure is an invariable con- 
comitant of a body they say or know to be elastic, the 
converse conception, that hardness is a concomitant of 
bodies which are non-elastic, is to the popular mind 
borne out by a number of facts, which are to it quite 
conclusive, that, as a rule, hard — at least very hard 
bodies — are non-elastic. When they see a glass ball 
shivered into atoms when thrown against a wall or a 
stone pavement or a glass vessel, they decide at once 
that the glass is a non-elastic substance. In like 
manner, if, in place of being in the form we shall say 
of a watch-spring, which to the popular mind conveys 
the best idea of what a perfect ^stic body is, they 
saw steel in the form of a hard ball, which when struck 
by a hammer flew into a number of pieces, or in the 
form of a bar was at once easily broken by another 
blow of a hammer, they would almost to a certainty 
conclude that it — the steel — was a non-elastic body. 
Now, in both cases, these conclusions would be most 
inaccurate, for per ae — that is, in or by themselves — 
glass and steel are elastic substances, but this elas- 
ticity which they naturally possess is changed or 
modified by the condition in which they are. Thus, 
it is to the popular mind a somewhat difficult thing 
to believe that a bunch of beautifully shining hair-like 
substances, so elastic that it waves to and fro with 
every breath of passing air, and can be twisted round 
the wrist to form a fancy bracelet, or formed into a 
chaplet or wreath for the brow or the hair, is glass 
— the very same substance which in the form of a 
drinki:^ glass or dish they know to be so weak 
that it is the popular embodiment or synonym for 
fragile weakness. And the contiust between what is 
the actual property of glass and what the popular 
conception of it is would perliaps be all the more 
difficult to reconcile if they saw glass in the same 
coiled-up or spiral form as a watch-spring of steel 
gives — made by a recently introduced process — of 
a slender hollow tube. It is, then, the condition in 
which the glass is that decides, so to say, whether it is 
to be classed as an elastic body or not ; just as it is 
the condition of steel which decides whether it is to be 
an elastic body or the reverse — as tough and yielding 
as in the case of a watch-spring, or as brittle as glass 
is supposed popularly always to be. What the pro- 
perty is which changes the condition of certain sub- 
stances will presently be noticed ; what we are here 
concerned with is the popular idea of that property in 
bodies to which the term elastic is applied, and to 
show that while in the main correct, it is apt to be, 
and in many cases is, far from being so. 
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XlMUeltj.— Deflnitioii of tho ote. 

What, then, constitutes the property of elasticity $ 
how is the term elastic to be defined ) And here the 
youthful student in mechanics, while in no way sur- 
prised to be told that his own or the popular conception 
of elasticity is just as likely to be wrong as it is to be 
right, will doubtless be surprised to learn that amongst 
men of science, or those connected either with its prac- 
tical adaptation to technical work or with its enuncia- 
tion and explanation as teachers, disputes exist as to 
what elasticity is. If these are net characterised with 
that warmth of feeling and pungency of expression 
which sometimes distinguish scientific no less than 
political discussion, it may be said that certainly there 
is such a variety of opinions that the definition of the 
term elasticity given by one is not accepted by another. 
With this war of opinion, which at least in more than 
one case clusters round points of science of which no 
one positively knows anything, nor will probably ever 
know all things concerning them, there being points 
which are clearly beyond the reach of human ken, 
the reader will be apt to be a little discouraged, 
inasmuch as he may feel that it is not likely that 
he will be able to understand what elasticity is, if 
wiser heads and more experienced minds than his 
have failed to hit upon a definition which all can 
accept as correct or aadomatia We shall, 'however, 
entertain the hope that, by taking or endeavouring to 
take what we may call a common-sense view of the 
subject, we may be able to give him a fair conception of 
what elasticity is, even in a strictly scientific, at least 
eommon-sense scientific sense. Moreover, the student 
may take this comforting assurance to heart : that if 
we cannot all agree as to what elasticity is, or what 
the condition of matter or the ultimate atoms of it in 
relation of this property, all can trace out and com- 
prehend the phenomena dependent on, and so to say 
created by it, just as we can avail ourselves of all the 
phenomena of light, of heat, of weight or gravity, 
or of electricity, although men may never agree, as 
they will to all appearance never find out what they 
actually are. This, at all events, is an assuring fact, 
for the practical man who deals with forces ” makes 
and helps his clients ’’ or customers to make money 
out of them, although his own definition of what 
“ force*' is, or that of some scientific authority to 
whose skirts he clings,** may be disowned by some 
other authority as utterly intolerable if it be not 
pronounced as silly and absurd. The term ** elasticity,** 
then, has been defined to be that condition of matter 
in which the atoms are so placed or related only in 
one ppticular arrangement to each other that they 
yield to a force applied to them — that is, change their 
form so far ; but which recover this form immediately 
on the force being withdrawn or ceasing to be exert4r 
In other words, the particles of an elastic body are 


driven inwards by— ^that is, yield or give way 
force exterior to them, but on the force ceasing to 
exert itself, so to say, these particles are driven back 
again so as to resume precisely the same position they 
occupied before the force was applied. And this 
** something,** which drives,*' so to express it, the 
particles back again to their original form, is that to 
which the term elastic ** is given. For a body may 
have its atoms so arranged in relation to one another 
that a force external to them applied may drive them 
inwai'ds, but they may remain in this position into 
which they are driven — that ‘‘something** being 
absent which drives them back again.; and when this 
is absent we say that the body or substance is not 
elastic, or non-elastic, or inelastic. This use of the 
term “ drive,’* while it gives a good idea of what is 
done by the external force and by that internal 
“something,** may not be by many deemed to be 
scientific, or at all events elegant; yet nevertheless 
it is one which is derived from the very term “ elastic ** 
itself. For on examination we find that the word is 
derived from the Latin word ektstioua, and this again 
from the Greek elauneinf which means “ to drive ** ; 
and the common definition of the term elasticity, of 
which this is the root, is simply a statement of what 
we have already given — namely, that a body possesses 
this ela dicity which when driven forward by a force can 
spring back when that force is removed, — or if its form 
be changed by the force, that the form will be resumed 
when that force ceases to be existent. We can now see 
the reason or root of the popular conception of an 
elastic body. Now, for the most part people associate the 
conception of non-elasticity, or want of “ springiness ** 
as many term it, with hard bodies, and of elasticity 
or springiness with bodies which are soft, but which 
when pressed with a force, say that of a grasping 
hand, or by the weight of a heavy body pressed 
upon them, are “ put out of shape ’* — to use the 
common expression — or change their form, but which 
resume that shape or form when the pressure of tho 
weight is removed or the grasp of the hand released* 
But if the soft body when pressed or grasped changes 
its form or shape, but does not resume this when the 
pressure is released, the popular mind at once decides 
that the body is not elastic. The difference between 
a ball of putty or of clay and one of india-rubber is 
at once distinctly understood, and this difference of 
condition thus experienced is expressed by the term 
elastic or non-elastio being applied. And it is just 
because this change of form caused by the driving 
back, and the resumption of that form by another 
driving back, as explained in preceding matter, is not 
made obvious to the senses, as in the case of soft yet 
elastic substances, that the popular mind gener^y 
has the notion that hard or very hard substances are 
not elastic ; the chief exception to this being, as w^ 
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have 8aid> the caae of a steel spring, whioh is so 
universally associated with elasticity that the term 
^^springiness’’ has come to be more popularly and 
generally used as denoting this quality or property of 
dastioity than this latter term itself. This springi- 
ness or tendency to resume its preceding' form or 
position when pressure is relieved from a body is 
indicated when we use the terms or words — 

“ BeooU/’— Befilisnt,**— BeiUlency.** 

When we take an elastic body, as a ball of india- 
rubber, and throw it in a straight line against a wall, 
the ball comes back again towards us. In common 
language we say that the ball springs ” back from the 
wall, or leaps up or springs up from the floor or ground. 
In the more prefiise term of science, we say that the 
ball ‘‘ recoils.” To many, this word, taking it simply 
as it stands, conveys no definite meaning, or may 
convey an erroneous one, as involving the idea of 
twisting or coiling. The full meaning of the term, 
and the light it throws upon the phenomena of 
repulsion ” from elasticity, is perceived when we 
examine the* root or source of the word. It is 
derived from the French verb r teller ^ and this from 
the Latin re, again, and culua, the ba<;k, or rather the 
posterior part of the body. Literally, then, it means 
back again,” to come back,” ** to draw back,” “ to 
spring or leap back,” meaning all the same thing as 
recoil.” The word rebound ” is synonymous with 
recoil, and is itself derived from the French verb 
hondiTf to leap or spring bock. The term resilient ” 
means in efiect the same thing, but there is this 
difference. In the technical language of science we use 
the term recoil ” in connection with bodies in motion 
acting under forces ; we employ the word resilient ” 
in connection with bodies at rest under the influence 
of force or preasui’e. The term ‘‘ resilient ” is derived 
directly from the Latin redliens^ which is the present 
participle of the verb reailere, to leap backward, 
and this from rc, again, and to leap. Thus, 

a wrought-iron beam, for example, which spans an 
opening, may in its normal or ordinary condition, 
when sustaining its own weight only, be level through 
its length, as at a 6 c in fig. 20 (see next chapter.) 
But if it be subject to a heavy weight, say of a 
passing railway train, it is bent or pressed downwards 
from the centre e, the lower side of the be amassuming 
a more or less decided curve, as at' (f s f. This 
bending or pressing downwards of a beam is called 
technically its deflection,” which denotes the effect 
of the pres3ui*c or strain to which it is subjected. 
This term, again, is derived directly from the Latin 
verb dejlectere^ and this latter from efs, from, 
and fleetere^ to turn or bend. When the weight or 
pressure whioh is presumed to cause the bending 
or deflection, as illustrated at d 0 / in fig. 20, is 
removed, the beam has a tendency to return to its 
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normal or level condition, as at a 5 c. This is 
literally a springing back from position e to position 
h, and the tendency is called the “ resiliency ” of the 
beam. What in beam work is called technically 
camber ” is giving to the form as at first made a 
curve or set in a direction opposite to that at d e/, as 
shown At g h t, the object being that when the Wm 
is placed in situ or permanent place or position it 
will, from the pressure or strain produced from its 
own weight, or that put upon it, fall down, as it were, 
in the centre and assume the level line, as a b 0 . 
So closely do engineers calculate the dimensions of a 
beam, of whatever form of construction, solid or open 
or lattice girders, that they can give to it such a precise 
amount of ** camber,” as at A, that on being placed in 
situ they know that it will assume the line they desire 
it should have. Just as, on the other hand, they can 
calculate, when the beam is subjected to the pressure 
or strain to meet which it is designed, what the precise 
amount of deflection ” of the beam, as at 0 , will be, 
and that when the pressure is taken off it will assume 
the form of a 5 c, or that which it is designed to 
assume. 

Feouliarities in Bodies or Phenomena dependent upon the 
Elaitioity of Hatter applicable to Meohanioal Praotloe. 

The young mecjhanical student should now have a 
fair conception of what that property of bodies is to 
which the term elasticity is given, and this without 
going at all deeply into the abstruse disquisitions so 
delighted in by some writers as to what elasticity is. 
Keither will it serve any great useful or practical pur- 
pose, when at this stage of his technical education, to 
follow some of those writers into the details of what 
we presume must or ought to be termed investigations 
into the condition of the ultimate atoms of matter. 
He mfy therefore, with all safety — and indeed by doing 
so secure the safety which will be of practical value 
to him — assume that there are no bodies, or there is 
no body, absolutely that is perfectly elastic, any 
more than there are bodies or a body absolutely and 
perfectly non-elastic. And this he may do in the face 
of the assertion of some of those who have made the 
investigations above alluded to, that the ultimate 
atoms of matter are absolutely non-elastic or in- 
elastic.” All assertions of this kind are based upon 
mere assumption j they cannot possibly be based upon 
facts which are known. Tlie ultimate atoms of all 
matter are so minute, — or let us put it in this way, are 
^id to be so minute, that they ore further stated to be 
absolutely invisible — that is, they are not capable of 
being split or cut up, so to say, into two or more parts, 
the atoms being the final condition in whioh matter 
exists, beyond whioh it cannot possibly go. Again, 
it may well be asked, If atoms are invisible, how 
can you see to cut them up — if a thing which is 
indivisible can be cut up ? If atoms be inelastic abso- 



200 THE TECHNICAL STUDENTS INTHODUOTION TO MECHANICS. 


lutely, the young student will have what he may 
justly call a common-sense difliculty to see how a body 
— which is assuredly made up of the atoms, otherwise 
it cannot exist — can become elastic, when the very 
things (if we may by this undignified term denote the 
highly scientific term atoms) of which the body is 
composed are themselves inelastic. He might ask a 
very familiar, or what some might call, in view of the 
dignity of science, a vulgar question, such as this : “ If 
you hav^ a heap of coins consisting of what you call 
sixpences, how is it that you say that they are changed 
into shillings ? or, if so, how does the change come 
about ? ” Or this : “ You have a heap of bricks, each 
brick being neither more nor less than a brick, and 
when built up you form what is — brick wall 1 — no ! 
you say it is a stone wall, or a wall of some sub- 
stance or another, but not brick, for the bricks are 
changed : how, then, does the change come about ? ” 
But then, in regard to this assertion that the ultimate 
atoms are “absolutely inelastic,” the difficulty in 
connection with the theory upon which the pheno- 
mena of bodies in a gaseous or aeriform condition are 
accounted for on the supposition that atoms are 
elastic comes into existence. And some very easily meet 
it by asserting that there are different kinds of atoms, 
or, os we should perhaps rather put it, different con- 
ditions of the ultimate atoxns, one condition giving 
the property of elasticity, which, as we have seen, they 
do not grant to the ultimate atom itself. But they 
do not know how this condition or change is brought 
about. 

Elaitio and Kon-elastio Bod^ei. 

We have seen, in noticing the phenomena of 
“ attraction and repulsion ” of moving bodies, that 
action and reaction are equal and opposite ; and we 
have shown this by various illustrations drawn from 
circumstances of daily life. The law of action and 
reaction equal and opposite, which is of the utmost 
value in mechanical work, is further illustrated by 
the phenomena of elastic bodies in motion. If a hard 
body strikes a soft and yielding body, the softer body 
gives way, receding from the harder body in virtue 
of the principle or law of impenetrability which 
forbids any two bodies to exist in the same space — the 
result being that the shape or form of the soft body is 
altered, and a permanent malformation or deformation 
is the result. It is in the capability to receive a 
permanent deformation that, in the popular sense at 
least, lies the evidence that no body or substance is non- 
dastic. As we have seen that no body is absolutely 
non-elastic — at least, that it is exceedingly probable 
that this is so — the soft body will present some degree 
of resistance, so to call it, to the influence of the hard 
body to cause a change in its shape. And just as the 
body increases in elasticity, so does its power to J#8t 
permanent alteration in its form increase ; till when 


two bodies equally elastic come into forcible contact 
with each other, the force of the concussion causes no 
permanent deformation or any visible alteration either 
in their general form or at the point where they come 
in contact with each other. We say no permanent 
deformation, no visible alteration in the concussing or 
colliding bodies, which we of course assume to be 
perfectly elastic — using the term perfectly in the con- 
ventional sense, as no other is open to use. Thus we call 
all gases or airs perfectly elastic, liquids in this sense 
the same; the difference between them (as air and 
water, for example) being that the range of elasticity 
or extent through which it is exerted is very large in 
the case of the air, and so small in, the case of the 
water that it is practically inexpressible. Steel and 
ivory we class as perfectly elastic bodies ; so also glass 
under certain conditions, which overcome another 
property it possesses of being in certain other con- 
ditions very brittle. All thepe are held to be perfectly 
elastic, as they will not retain permanently any bend 
or change of form given to them. Thus india-rubber, 
which some hold to be a perfectly elastic substance, 
and is beyond all doubt one of the most elastic 
substances we possess, is not perfectly elastic, because 
there is a condition in the change of its form in 
which it will retain that form. 

Elastic Bodiei—Aotion and Bcaotion. 

This property of perfectly elastic bodies to retain 
no deformation, or — to use a term familiar to all 
mechanics — to keep no “ set ” which may be given to 
them by the application of a foi*ce superior to their 
power to resist it, or in other words sufficient to over- 
come their elastic strength, must be borne in mind 
in considering generally the phenomena of elasticity 
in bodies in motion or subjected to “ force ” or “ pres- 
sure.” But while we see that there is a permanent 
change of form, it must not be concluded that thei’e is 
no change in the position of the particles of the body 
perfectly elastic or considered to be so. In the case 
of two ivory balls coming forcibly into contact by 
forces acting in opposite directions — the force being 
equal and the masses also— there is in reality a com- 
pression of the particles nearest the point of contact, 
so that a flattening of the surfaces of each takes place, 
and of equal extent. But that there is a flattening 
or change may be proved by dashing the ivory ball 
with great force against a marble slab, the surface 
of which is wetted or visibly moist : the water or 
moisture will be found to have been dried up or to 
have disappeared over the same extent of circular 
space which is the measure of the flattening out of 
the surface of the ivory ball at the point or part of 
its contact with the slab. This case is an example 
of the ‘'retarded”, motion caused by the force of 
“ repulsion.” 
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THE Yoinro ABCHITECT OB ENOIHEEB. 

HiB Studies— Ofpicb Duties— and Peaotioal Work in 

THE PEBPABATION OF WOBKINO DRAWINOS, OP SPEOIPI- 
, CATIONS, and Contracts fob Work. 


CHAPTER XII. 

At the close of last chapter we partly specified the 
Mason’s Work. In continuation of this we now proceed. 
A [name the kind or class and quality of stone to 
be used] stone chimneypiece to be provided and fixed 
in kitchen, with 12-in. jambs and mantel, 
and 9-in. shelf. The chimneypiece in 
drawing-room to be of marble, of the 
value of £ ; that in parlour to be enamelled 

slate, of the value of £ . The chimneypieces in 

bedrooms of stone, 7-in. jambs, and moulded 

trusses and plinths; stone ^'rebated,” 
in ow «i a. u throated sills ” (see 

'‘The Stone Mason”) to be placed to all window 
openings, 12 in. wide, 4^ in. at heel, and 3 in. at nose, 
firmly bedded in mortar. Fit up larder with two tiers 
of 1-in. planed slate shelves on iron brackets (the 
brackets to be provided by the blacksmith). 

carpenter’s work. 

All the timber to be used in the building to be of 
the best description throughout, free from 
^timber all sap, shakes, large or dead knots, and 
all other defects. 

The pine or fir timber shall be of the best yellow 
" Dantzic,” " Memel,” or " Riga ” timber, the deal 
shall be of the best Potersburgh, and the oak 
used to be of English growth. The contractor to 
provide, fix, and strike all centering. Pine or fir 
lintels of the width of the brickwork, 3 in. thick, 
and having a bearing of 9 in. on each side, to 
be placed over all openings. The roof truss to be 
of the form and to be framed together 
roof timbcre shown on section and plans ; the rafters 
to be 4 X 2^ in,, securely spiked to 9 x 2 in. 
ridges and hips. The wall plates to be 4 x 3 in., and 
the rafters where shown to project 2 ft. from wall. 
The ceiling joists to be 4x2^ in., bearing on the 
wall plates, and securely nailed, supported by a piece 
of timber 9 x 6 in. The space between rafters and 
ceiling joists not to exceed a distance of 14 in. from 
^ . , centre to centre. The bay windows in front 

elevation 3 x 2 m. on plates 3 x 2 m. ; ♦ 
the ceiling joists to be 4 x 3 in. on wall plates 3x2 in.^ 
and to project from face of wall as shown in drawings. 

Six-inch wrought and beaded facia boards 
to be fixed to all eaves whei‘e shown. All 
timber used in the construction of the roof to be of 
the best description of fir as specified, and all portions 
of roof that project to be wrought. 


The joists on ground floor are to be of fir 4| 
X 2| in. on plates 4 x 3 in. ; those on first floor to be 
also of fir, 10 x 2j in., nailed to plates 
4x3 in., and strutted or strained with timbers on 
a row of herring-boned struts, 2 x 1 J in., 
wherever the bearing is more than 9 ft. Lay the 
£ 001*8 of drawing-room, breakfast -room, parlour, lobby, 
kitchen, and china pantry, with 1^-in. 
deal battens, properly nailed to joists, drawing-room, 
and finished with mitre strips round 
hearthstones. Inch deal floors to be laid on first 
floor of joists, made good round hearthstones as 
before, and nailed with 2-in. brads. 


THE JOINER S WORK. 

The doors to dramng-room, parlour, and water- 
closets, to be 2 in. thick, six-panelled, double 
moulded, and hung with 3-in. butts to 
l^-in, double rebated jamb linings, with 
6 -in. moulded, beaded and sunk arclii- 
traves round same. A 2 -in. sash door to be hung 
in lobby, with 3-in. butts, double moulded panels, 
jamb linings, and architraves as above specified. The 
remaining internal doors on ground floor to be IJ in. 
thick, four-panelled, square framed, and hung with 

3 - in. butts to double rebated jamb linings, with 3-in. 
band moulding on same. 

The front door to be 2| in. thick, two-panelled, 
moulded one side, bead and flush on other, and hung 
with 4-in. butts to 4 x 3 in. wrought, 
rebated and beaded frame, with head 
to receive sash and transom 4 x Sin, 

The back garden door to be 2 in. thick, four-panelled, 
bead and flush, hung with 4-in. butts to 

4- x Sin. wrought, rebated and beaded 
franib, and 2-in. oak moulded step and 

riser. The doors on first floor to be 2i| in. thick, 

four-panelled, double moulded, and hung 

with 3-in. butts to single rebated jamb 

linings, and 3-in. band moulding run 

round them ; the door leading to balcony to be hung 

to 4 X 3 in. wrought, rebated and beaded frame, with 

3-in. butts. 

The windows to have IJ-in. deal ovolo or lamb’s- 
tongue sashes, double hung and fitted in frames, the 
pulley stiles to be in. thick, with |-in. 
beaded linings, and |-iD. parting beads, 
oak sunk sills, with all necessary weights, lines, etc. 
A fixed sash in 6 x | in. frame to be placed in 
partition between larder and china pantry. The 

drawing-room and breakfast-room or^ , 

, ® , , Drawing-room 

parlour to have 1-m. grounds properlyand breakfast- 

boxed and fixed round windows, 

6-in. moulded and sunk architraves on the same, 
to correspond with that round door; l|-in. splay, 
one-panelled, soffits moulded; l|-iD. panelled and 
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moulded backs and elbows, with all necessary cap- 
pings ; four- panelled moulded shutters, and 1-in. 
square four-panell^ back flaps, the front shutters to 
be hung with 3-in. iron butt hinges to window frame, 
and the back flaps with 2-in. flap hinges. The 
V j windows of kitchen and scullery to have 
vcnlleiy 6-in. plain architraves and plain somts on 
windowB. grounds, with 1| in. two-pauelled 

shutters on splay, hung to splay with 3-in. butts, and 

Windows on fla-pSi hung 

drat or bed- with 2-in. flap hinges. The window open- 
room floor, bedroom floor to be filled 

in with sashes and frames, as specified before for 
ground floor. 

A dresser with five drawers and cupboards under, 
with square framed doors, to be fitted up in china 
pantry, with aU necessary shelves, supports, hooks. 

Kitchen lobby®^* dresser in kitchen to be 9 ft. 

and water- long, with drawers and cupboards under, 
doeet fittings, shelves above, with turned supports 
and brass hooks. Provide and fix a mahogany hat- 
rail, 4 ft. long, with brass pins, in lobby, as may be 
shown. Provide a l^-in. strongly made cover, with 
handle, to copper in scullery. Provide and fit up 
water-closet with inch panelled and moulded back 
and elbows, and liser, with |-in. clamped mahogany 
lifting top, nosed on front, and hung with biass butts. 

A l|-in. red deal seat with tuimed cover complete. 
Provide and fix a IJ-in. wood cistern, 4 ft. long, 3 ft. 
wide, and 2 ft. deep, dovetailed and tongued, over 
Staircase ‘''^®'^®r-clo8€t, on proper bearers. The 
staircase to be carried by strong carriage 
pieces 4 x 4 in. ; 1^'in, deal moulded and nosed steps 
and landers, and 1-in. risers, tongued and glued to- 
gether with wood blocks. Returned ** nosings” to bo 
given to all steps, and cut brackets on outside stnng, 
as per detailed drawjings ; l|-in. moulded wall string, 
and l|-in. moulded, sunk and beaded outside string, 
properly tenoned into all newel posts. 

A mahogany moulded hand-rail, 3x2 in.„ 
to be htted to stairs, with turned scroll 
on iren newel post, with all necessary nuts and 
screws; l|in. red deal balusters over 
stairs. The kitchen stairs to be con- 
structed on strong carriage pieces, with 
l-in. deal nosed steps and risers glued and blocked 
together, l|-in. wall and outside strings with all 
newels; and to be fimshed with a x 2j in. 
oak hand-rail, and l-in« deal square balusters. The 
doors of wine and coal cellars to be 1 in., ledged, 
and nailed with wrought nails, hung to 
wrought and rebated frames 4 x 3 in. by 
3 in. iron butts. The windows to have 
solid 4 X 3 in. frames, with iron bars fixed in same^ 
fit up wine cellar with l|-in. shelves and bins, andP 
3 X 2 in. uprights, and all necessary divisions. 


FLABXaBXE'S WOBK. 

The whole of the internal plastering is to bo 
executed in mortar composed of well burnt chalk 
lime thoroughly incorporated with clean ^ . v 
sharp nver sand and good hair, mixed m need for 
proper proportions. The whole of walls 
and latlied partitions to be rendered, floated and set 
Lath, plaster, float, and set all ceilings 
and staircase white in putty, cut quirks 
to all angle beads, etc. The laths to be 
of the best description of Baltic, free from sap, butted 
not lapped, and nailed with cut nails. 

Run a comice of 12-in. girth or depth to 
drawing-room, with three enrichments, and fix a 
centrepiece in ceiling of 3 ft. diameter, a 
9-in. girth cornice to be run in parlour 
breakfast-room and lobby with two enrich-breakfast-room 
ments, and centrepiece 2 ft. in diameter 
fixed ; 8-in. cornices to be run in bedrooms, 

with all necessary internal and external mitres. Run 
14-in. moulded skirting in Keeners patent cement to 
drawing-room and parlour, a 10-in. skirting in china 
pantry, water-closet, and hall, to correspond with string 
of stair, those in bedrooms to be 8 in. high, the whole 
to be executed according to drawings provided ; plain 
skirtings in cement 6 in. high to kitchen and scullery. 
All jambs and heads to windows, strings and plinth 
courses, with all mouldings, trusses, etc., to be run 
where shown on drawings, and in detailed drawings. 

slateb's work. 

The roof to be covered with best ** Duchess ” slates^ 
properly squared, 12 x 24 in., laid with a 3-in. bond 
on battens 2 x | in., nailed with two good zinc noils 
in each slate, the eaves to be doubled in every part. 
The ridges are to be covered with slate roll and crease^ 
(2-in. roll and 6 in. crease) properly nailed and riveted. 
The whole to be left in a perfect state at the comple- 
tion of the works. 

THE painter’s WOBK. 

Knot stop and paint the whole of the wood-work 
and iron- work usually painted, inside and outside of 
building, four times, in good-bodied white lead and oil, 
plain colours as may be directed. Grain the whole of 
the wood-work in drawing room, parlour, hall and 
lobby, water-closet, the wall and outside strings of 
staircase, and exterior of front and back doors, in such 
imitations as may be selected, and twice varnish the 
same with best copal varnish. The wood-work of 
kitchen and scullery to be finished in wash oak, and 
the grates and hearthstones throughout the house to 
have two coats of black paint. The whole of the glass 
used to be of the best description, free from all defects. 
Glaze the sashes of drawing-room and parlour with 
plate glass J in. thick, securely spiigged and puttied 
into frame. The remaining sashes throughout tho 
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bnildmg to be glazed with crown glass, except the 
sash door in lobby, window in hall, an<i fanlight over 
front door, which are to be filled in with diaper and 
ruby glass, 

smith’s wokr. 

Provide a kitchen range of the value of ^ j a 
10-gallon cast-iron boiler with fire bars, etc., complete ; 
and iron gratings for sink trough and where other- 
wise shown. The drawing-room to be fitted with a 
bright steel register grate of the value of £ , and 

the parlour with register of the value of £ ; the 

three bedrooms to have 36-in, sham register grates of 
the value of each ; the whole of the grates to be 
selected. Provide and fix 4-in. cast-iron ogee shuting 
to all eaves, with all necessary 3-in. down pipes, heads, 
elbows, and hooks j supply |-in. wrought-iron bars for 
windows of cellar, larder, water-closet, and lobby, 
perforated zinc to larder window; provide cast-iron 
coal plate, with all necessary chains, staples, etc., and 
a cast-iron scraper to steps, also iron brackets to 
receive larder shelves. 

The bells are to be hung on the best principle, 

THE WOBKMAN AS A TECHinCAL STUDEITT. 

How TO Study and What to Study. 

CHAPTER IX. 

RsFBBiiiNG to the question stated at the end of 
the preceding chapter, we say, that important as 
the maintenance of this supremacy would be, in view 
only of the chances of its being likely to be contested 
by the peoples of other countries, its permanent 
importance is most conclusively, and to us as a people 
somewhat painfully proved, by the fact that in some 
departments of trade and manufacture we have 
actually already lost some of that supremacy ; and in 
others it is being daily, and to a large extent suc- 
cessfully, maintained by countries cHiefly Continental, 
This position, then, is not what years ago it was — 
namely, the possibility of our making ” onr supre- 
macy disputed — but is that it is actually disputed ; 
and hence the anxiety it is causing amongst the best 
men of the day, who are impressed with the vital 
importance of the position, and with the idea that 
something must be done to meet it. 

Traotieal DlAoalty in adapting Byitematlo Teohniaal Xdnea- 
tion to Working Men at a Olati, who have Long Eonm of 
fatigoing Work, Short Honrs of loisnro, and live in 
Widosproad Loealitlos. 

We have just said that the practical difficulty in 
placing within the reach of the class who really con- 
stitute the workers of the country that technical 
education thqr require, and which their position as 


m 

with all neoessaiy wires, cranks, pulls, etc, etc. The 
drawing-room and parlour to have two enamelled- 
faoed levers in each room, to ring one bell each. 
No, 1 pull to be fixed in hall to ring call bell on 
chamber fioor; six cranks to be fixed on chamber 
floor to ring three bells on ground floor; also <me 
pull and out-pull to be fixed to entrance door to 
ring bell on ground floor. All the bells to have 
pendulums, and the whole to be left in a complete 
and perfect state. 

plumber’s work. 

The water-closets to be fitted up with the best pan 
closets and blue-ware basins, on the best principle, 
with 4 j-in, soil pipe, of 7 lb. lead to the foot super- 
ficial, with copper wire, and lead service pipe from 
cistern, which is to be lined with 5 lb. lead, and 
provided with Ij-in. overflow pipe. Provide and fix 
a 3j-in. force pump in scuUery, with 2-in. suction 
pipe from rain-water cistern, .and a 1 1 *^ 1 . supply pipe 
to cistern over water-closet. Lay the balcony over 
water-closet with lead of 5 lb. to the foot superficial, 
also all gutters, flushings, valleys, etc. 


workers demands, arises from the position they 
occupy considered as communities of workers. We 
have shown the two peculiarities of this position.' 
And but a trifling degree of consideration will show 
that, whichever of the two be taken into account, 
it is extremely difficult to place before these commu- 
nities those facilities which we have shown to be 
necessary to make technical education practically 
valuable. Where the population is dense, the area 
of ^und occupied by them is very large, and this 
even although too many, far too many families — that 
is, houses — are crowded into a space all too con- 
fined and small for the maintenance of good and 
regular health. Now, the larger the district, the 
greater the distance of one locality from another, and 
the greater, as a necessary consequence, the time 
occupied in traversing that distance. If, then, only 
one large technical school or college be given, say to 
one town, no matter how judiciously its site may be 
chosen, it may be taken as incontrovertible that that 
site will not meet the whole necessities of the case* 
Although placed, for example, in the locality where 
the population is densest, and therefore affording the 
best chance of drawing to it the largest numl^r of 
]{)upils” — to use the ordinary term, although working 
men have a great objection to be ranked and named 
as such, even the other term, “scholars,” being to 
many amongst them not associated in their minds with 
what is dignified as grown-up men or lads— it is but 
too readily forgotten that it is a great demand to 
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make upon a working man, after having had a hard 
and fatiguing day's work, that he should add to 
this fatigue by trudging a mile or two, or perhaps 
more, to the technical school or college. The mere 
time, again, he has at command to do this makes the 
difficulty all the greater; for, short as working days 
are as compared with those which were the rule not 
many years ago, they are yet so long that, when 
finished, not many hours are left in which the limbs 
can be used or the brfdn work. Nor is this diffi- 
culty of locality of the technical schools lessened in 
districts where the technical workers are more thinly 
congregated, or in districts which might almost be 
termed rural, where the workers are pretty well 
isolated as communities. It may, indeed, be said that 
the difficulties are greater. 

Much may be said On this point, which, whatever 
some may think of it, is in reality the crucial one, 
and which will dictate the failure or success of the 
schemes for technical education now being so much 
talked about, and, in many districts, about to be so 
well organised. But enough has been said to show 
that it will have to be fairly met if the good work to 
be done is in reality secured. The only way out of 
the difficulty is so to multiply technical schools or 
colleges that each town or district will be supplied in 
strict proportion to its population requirements. And 
.this simply means enormous expense, the country 
being considered as a whole. And the question now 
for the nation to decide is, whether it will be wiser, 
and in the long run cheaper, to go to this expense 
now, or to fritter valuable years away in only doing 
the work in a half-hearted, indeed, we might say, 
wholly indifferent way. The nation must decide, and 
that quickly, whether it is more important to save 
this money in the meantime, or ultimately to lose, or 
largely lose, the “ trade ” by which that money is almost 
wholly mode. That the expense of this, meeting the 
actual necessities of the case, will be enormous, 
taking the various districts of the country all round, 
is clear enough. For it must be recollected that it 
is much cheaper to concentrate in one place all the 
facilities for technical education than to spread these 
facilities over a number of places. Not only must 
the appliances and such npiotive power as they require 
be repeated, but the staffs of teachers also ; and this, 
to s»iy nothing of the buildings, tells very powerfully 
in the way of expenditure. For to make the technical 
education what it ought to be, and must be if it be 
given at all, everything must be of the precisely 
superior order required. The staff, for example, must 
be equally efficient in all the schools or colleges estab- 
lished, for it will be in every way penny-wise and 
very pound-foolish to save money in this, or indee<^ 
in any other direction, merely for the sake of savingP 
that is, making the bill of costs " less in amount. 


Now, much as has of late years been said-— «nd 
although more has been said of late years than ever 
before — we confess to seeing no signs that the nation 
is prepared to go into this large expenditure ; and this 
for the all-sufficient reason that the xxational mind, as 
such, is not yet impressed with the idea that it is a 
matter of vital importance that technical education 
be given to the workers of the country. The national 
mind may, it is true, be thoroughly impressed with 
the idea that it is vitally important that we should 
not lose our trade, and be agreed upon this ; but the 
national mind is not yet convinced that technical 
education will be the means of preventing this loss. 
Nationally, indeed, it may be said with all truth that 
we are yet in a. condition of profound indifference as to 
the question. Even if all were done which is being 
talked of, it would be as it were but a mere di*op 
in the bucket, compared to that which must be done 
if true efficiency be desired. 

The Problem of a gronerally extended Public System of 
Teohnioal Education, embracing the Working Classes 
as a Community, yet to be solved.— What oan be done 
by the Individual Workman Student, in acquiring 
Technical Knowledge. 

Practically, therefore, the question how best to 
give our workers that technical education which the 
best men amongst us know to be essential, and are 
so desirous to give, is yet to be solved ; and its solu- 
tion will test the ability of the best amongst us, and 
test also the reality of the interest which so many 
profess to have in it, as to what they not only 
wish to be done, but are ready, as they say, to 
do. Time alone can put this to the test; mean- 
while, as the steed may starve while the grass 
grows, not a few amongst us are trying to do as 
much as can be done with the facilities at present 
at command. Hence, amongst other directions, they 
turn to the present schools, and the systems of edu- 
cation, in the hope that something may be done by 
their agency. "VS^e have pointed out one way in which 
they will have to be modified before they can become 
useful. But at the best, so far as is seen at present, 
they are only or chiefly calculated to opemte with the 
youth of the country, and do not touch, or are not 
likely to touch, the grown-up workers amongst us. 
This question, therefore, comes up for answer, and 
that in a thoroughly forcible way; Oan those grown- 
up men not have the necessary technical education, 
if in some simpler way than by elaborately organised 
technical colleges and institutes — ^which as yet do 
not exist in the extended way required, and if 
they existed, could or would not by many be 
made practically available? We are of those who 
think that such means are within the reach Of 
our grown-up workers, which, if not possessing all 
the effidenoy of well appointed colleges or schools, 
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do possess the capability of being largely useful. 
We need scarcely say, after all we have given, and 
also indicated, if but briefly so, in the title to our 
paper, that this method is within the reach of all, 
for it is based on the principle of self-help, or per> 
sonal study. And the very object of this work, and 
the presiding cause of its existence, is to help the 
students in this great work of self-help, in the way 
of acquiring technical education. It is not necessary 
to state here how this is to be done. The several 
chapters of each specific subject will be the best ex- 
ponent of the methods by which we hope to give this 
help to our readers. Suflicient is it for us to say that 
no efforts will be spared by the various writera to 
make their expositions as practically valuable as 
possible. Each will bring to his subject all the value 
which experience of its details enables him to impart 
to his i-eaders ; and each will bo abundantly repaid for 
his labours if they are able, even in but small degree, 
to share his experience with him. 

Advantages of Teohnioal Study to the Working Kan, not 
only in Increasing the Chances of his Snooess in Life, 
but in Strengthening the Mental and Moral Faonlties. 

In the preceding paragraph we brought our intro- 
ductory remarks up to that point at which we showed 
that in the present condition of technical education — 
and what, to judge from facts around us, seems likely 
to be that of a long time to come— much depends upon 
the workman himself as to liow he is to obtain 
the advantages which that education is so well calcu- 
lated to give him. We have shown also in a general 
way how those advantages bear closely on his progress 
in his working life, and how they give him a power 
which, wisely exercised, is of the utmost value to 
make that progress, humanly speaking, certain. We 
have shown, at all events, that if the possession of 
those advantages may not always secure great success 
in working life, success cannot possibly be ob- 
tained without them. This alone is a consideration 
calculated to urge the prudent man to endeavour to 
make those advantages his own ; for it is ever the aim 
of a man of this condition to try and avail himself of 
any chance of success in life — to convert what may be 
a potent power in securing this into the must which 
makes success certain. But apart from the practical 
progress in working life which the attainment of 
knowledge bearing upon it is so well calculated to 
help forward, it carries with it a power for good 
which no wise man will overlook or undervalue. It 
strengthens the mental and moral faculties alike cer- 
tainly and powerfully ; it creates and promotes a desire 
for ennobling pursuits, as in direct and immediate 
consequence it urges him to flee from and to warmly 
dislike all those which tend to lower and degrade him 
both physically and mentally. The mere desire to 
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acquire useful knowledge, and the determination that 
he will if possible have it as his very own, tends to 
make him respect himself; and self-respect is too 
valuable a factor in the sum which makes up the 
comfort and happiness, not only of the individual, but 
of all those with whom he iiK associated or comes in 
contact, to be other than highly valued. 

The direct bearing which useful knowledge has 
upon a man’s success in working life we have in brief 
terms glanced at ; it will be tether illustrated and 
enforced by those incidental circumstances which will 
come up as we discuss the various points of the 
important subject which forms that of the next half- 
dozen paragraphs or so. It will still more clearly be 
shown in the course of the later paragi-aphs treating 
of the various special subjects Which make up the 
bulk of our series of .papers under the present title. 
We are now prepared to take up the points waiting 
for consideration. 

For reasons which will become obvious as we 
proceed, we reverse the order which might have been 
given, in w^hich the subjects of study preceded the 
way in which the study should be carried on, and 
glance first at the how, thereafter taking up the 
what to study. 

Some Points oonneoted with Ednoation.— Its General Beflni- 
tion and Praotioal Ckaraoteristios. 

And here, at the outset, we again draw attention to 
what is but too frequently and persistently overlooked 
by many — namely, that education is something more 
than the mere presentation to the student of a num- 
ber of subjects, the nature and the facts connected 
with which he is expected by some process or another 
to understand and recollect ; the committing to 
mefhopr ’ certain things being, in this false system 
of location, considered of vastly greater import- 
ance than the understanding of them. When 
education is so conducted, it is not to be wondered 
at that the expectation that it will be of practical 
value in life is so seldom realised. A ‘man can 
scarcely, at least with reason, be said to be fed 
who has merely been supplied with food; neither, 
indeed, should he actually even have partaken of 
it if it be not healthily assimilated by the system. 
It is very easy to select a number of subjects for 
the student,— it is, so far as it goes, as easy as 
merely naming them. And in but little more than 
the doing of this some teachers and students seem to 
♦consider that all teaching consists. It would have 
been well to-day for the prospects of technical education 
bad they as a rule grasped the full intent and meaning 
of wbab education really is. It is the capability in 
the student to take up facts, and to have them, bo 
to say, digested and assimilated, by thoroughly under- 
standing them. 
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IHB GEAZIEB AVD CATTLB BBEEDSR AND 
FEEDEH 

The Technical Points connected with the Varieties ob 
Breeds of Cattle— Theib Breeding, Bearing, Feed- 
ing, AND General Maeagwent for ere Peoduotion 
OF Butchers* Meat and of Dairy PRODUCEi 


OHAPTEB XIX. 

State or OonditioR of Food.—6ookiiig.— The Kind of Animal 
fed, or Modi^ing Frineiple in Food. 

The importance of state or condition in which the 
food is given to the animals is also illustrated by 
the practice of ‘‘cooking/* which obtains so widely 
amongst practical feeders, that special apparatus for 
the purpose forms a pai*t of the meclianical fittings 
of every well-regulated farm where feeding of stock 
is part of the work. Much the same effect, doubtless, 
is secured by cooking food for animals as results from 
this method of preparing it for man. It is made 
more readily digestible and assimilated by the animal 
—it makes the true flavour of the food more decided, 
or imparts to it one which does not exist, or is 
thoroughly latent, in its uncooked state. Possibly 
the best result of cooking is obtained for animals by 
its effect on the woody fibre existing in all plants. 
When this is soft and yielding it is most easily 
digested and assimilated, but when hard, as in the 
case of dead -ripe and sun-dried grains, such as oats, 
they pass through the animal in greater or less 
numbers without being acted on at all by the digestive 
juices or liquids of the system, and are passed from the 
animal in their ordinary perfect form. To bring hard 
woody fibre to the soft condition in which it can be 
readily acted upon and assimilated by the system, 
cooking is of great service, independently of such other 
results as may be secured by it, and to which we 
have already alluded. But here, as in every ether 
department of feeding, circumstances modify greatly 
the normal or ordinary results of the system; so 
that the patient observation and careful attention 
of the feeder will be required to be given in 'order 
to discover what those modifying circumstances are, 
and how far the stock which he feeds is influenced 
by them. The kind of animal presents one of those 
modifying circumstances. Thus, all ruminating 
animals — that is, those which chew the cud, as |)he 
cow — ore least likely to be benefited by having their 
food cooked, or at least by having much of it thus 
treated; and this from the circumstance that the 
food, after being passed into the stomach and there 
acted upon by the digestive fluids, is again returned 
from it, and subjected to the ruminating process, 
which has the effect, so to say, of triturating it ; so 
that the woody fibre will be further softened. 
view of this some feeders object altogether to me 
cooking of food for cows — ^aa it tend^ or aa they 


think it tends, to do largely away with the necessity 
for the animal to chew the cud — and which inter- 
ruption to a natural process, designed for wise ends, 
they conceive likely to be prejudicial to the health of 
the animal. We note this jpeint not merely because 
it is one in the practice of some feeders, but aa it 
will show the youthful student of agriculture how 
necessary it is that he should closely observe the 
habits of animals, and study all the peculiarities, not 
only of each class of animals, but if he be a prudent 
feeder, the individual peculiarities of each, so far 
as he possibly can. It was by knowing all about 
individual animals, so far as they could be known, 
that our first and most eminent breeders succeeded in 
establishing their celebrated “ breeds.** 

Methods— other then Cooking— of preparing Cattle Food. 

Closely connected with the effects of cooking the 
food upon the animals fed upon it are those of certain 
other methods of treating food, such as that adopted 
with marked success by some feeders. The feature of 
this method consists in the cutting up of forage foods, 
such as the grasses, Italian rye grass, lucerne, etc., in 
their green state, mixing the cut produce with straw 
chaff or cut straw — pressing the^mixture together, and 
keeping it stored up either in a corner of the build- 
ing or in large bins provided for the purpose. Food 
thus prepared keeps good for a long time, and under- 
goes a certain kind of fermentation, which imparts a 
flavour to it which makes it specially liked by stock. 
This method of making a combined food of green pro- 
duce and dry straw may be looked upon as a modifi- 
cation of or a substitute for what is called the new 
process of ensilage, but which is anything but new — 
being in fact the revival of a very old process — at least 
as old as the time of the Homans. And we are inclined 
to think that much of the benefits said to be gained by 
this method of storing up forage in its green condition 
arises from the flavour or certain peculiarities imparted 
to it by a species of fermentation set up during the 
period in which it is stored up in the tanks or receptacles 
made to receive it. Food not cooked or previously 
prepared, and stored away, not used at the time of pre- 
paration, does undergo a process of change— one of the 
results most usually obtained being a certain degree of 
sourness or acidity. Now, those new to the subject 
would be apt to suppose that this sourness would not 
only be prejudicial to the animals, but would be greatly 
disliked by them. But those who have closely ob- 
served their habits, and noted with care the effects 
of different kinds of food upon them, must have 
observed how fond most animals are of food a little-— 
not too much — sour, and that they thrive well upon it. 

FUTOuring of Fooding Stuflii for Farm Uto Stock — 
Ckm&aontsl Foods. 

The effect of certain flavours in modifying the 
nutritive value of foods for the live stock of the farm, 
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and, SB a rule, when judiciously employed, greatly 
increasing their value, by causing them to be more 
quickly and completely assimilated by the animals, is 
now well known. It is to observation of this pecu- 
liarity that we owe the feeding substances known by 
various names, but which are generally or popularly 
called by the generic name of ** cattle foods.” This, 
however, is by no means specific enough — for all farm 
feeding substances are cattle foods — the term ** concen- 
trated ” or “ condimental ” has therefore been applied 
to designate the special kinds of food here alluded to. 
And, of these two, the last gives the more accurate 
conception of their character ; for they are, in great 
measure, made up of substances which give a certain 
flavour or taste to the composition considered as a 
^hole— some of these substances being purely oon- 
dimental, as much so as mustard or pepper taken 
by man with his food. But in addition to merely 
flavouring substances, these ** cattle foods ” contain, as 
a rule, others which, while designed also more or less 
directly to affect the taste, have for their special object 
an influence of a medicinal character, so as to favour- 
ably affect the health of the animal. Of these condi- 
mental or concentrated cattle fcods, that of Thorley 
may be taken as ropreaentative, if only from the fact 
that he was first in the market with a food of this 
kind, and which by continued and most extensive 
advertising he made for years notorious everywhere. 
Much has been written and said in connection with 
these foods, both against and in favour of their use. 
The unfavourable opinions have generally emanated 
from scientific authorities ; the favourable from those 
who have been engaged in the practical work of feeding 
as a trade by which they lived. And this suggestive 
fact, coupled with this other — that their use amongst 
practical men is very extended, and is beyond all 
doubt increasing — is some proof that practical men 
have found that they were good for their stock. And 
it is further to be observed, in this connection, that 
those who have written against the use of such foods 
have confined themselves almost wholly — some, indeed, 
exclusively — to warning farmers against their use 
simply because the price charged for them by their 
makers wa.B out of all proportion to the real value 
of the materials employed in their manufacture. 
Some of these are, no doubt, costly enough ; but the 
base ” or great bulk of the food is made up of such 
commonly met with and comparatively cheap food — 
sucl^ as wheat, meal, Indian com, and the like — 
that the charge of excessive price brought against 
these foods was well justified. But the youngest or 
least inexperienced of our readers will at once per- 
ceive that, however clearly it may be established that 
the price or cost of any article is greatly in excess of 
vdmt may be called its legitimate cost, or the price of 
the substances of which it is tnadey this constitutes no 


argument of any worth whatever against the use of 
the article as a food. It may be both dear and bad, 
but it may also be very good although it be very dear. 
It is, at all events, most suggestive that the arguments 
brought forward by some against the use of these con- 
dimental foods have chiefly centred round the point of 
cost, few attempts having been made, either by absolute 
trial or by scientific deduction, to show that their use 
was prejudicial, or, if not positively so, at least not 
worth paying any price for, 

Condimental Foodi for Farm Live Stock {continued), 

Nor need this be matter of surprise, for it would 
have been difiicult to decide definitely against them 
as being useless, in face of the fact of their most 
extensive employment by practical feeders of cattle, 
some of them being of the highest eminence. Still 
more difficult to maintain this position in face of 
certain physiological facts, and of analogies which can 
be reasonably and justifiiably drawn from what we 
know of the effects of certain foods and methods of 
preparing foods used by man. And beyond all doubt 
nothing would more tend to the wide and rapid intro- 
duction of a rational and therefore economical system 
of stock feeding than an appreciation of the truth that 
the facts and principles which affect the habits of man 
in relation to his food and physical health are of as 
great value in proportion when applied to animals. 
This truth is known and acted upon by our most 
distinguished feeders of farm stock, and is one of the 
many reasons why they are so successful both in their 
bi*eeding and rearing; and the more closely the 
habits of our domestic animals are observed, the 
more will it be made clear that there are far more 
points of similarity between them and those of man 
than ^ generally admitted. So closely do many habits 
agree in both classes of the mammalia — men and 
animals — that they are suggestive of considerations 
almost ludicrous or grotesque in character. And, as 
we have said, it is upon such observations that 
condimental cattle foods are based, and their use so 
earnestly advocated by many eminent feeders. The 
greater the relish with which our fattening stock eat 
their food the more readily will it be assimilated ; and 
it is in giving this relish that such foods are valuable. 
The writer of these pages has had opportunities given 
but to few of studying the whole subject of cattle 
feeding and foods, and of practically testing a very 
wide variety of them. This also applies to condimental 
'foods; and a very extensive employment of them over 
a wide range of domestic animals has fully convinced 
him of their great practical value when judiciously 
used. Here, again, the feeder must judge for himself ; 
and a wise judgment can only be secured by a careful 
observation and a close study of the animals under 
his care, and of the foods he employs to feed and 
fatten them. While freely availing himself of the 
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experience of others, he must not content himself alone 
with what this teaches, but he must study and observe 
for himself. And as regards the question of price or 
cost of such foods — or relishes, if the term be preferred, 
for in using them they only serve as supplements to, 
not substitutes for ordinary foods— the point is very 
easily described. If he objects to the price charged 
by makers of tliese special foods, it will take no great 
amount of knowledge of the characteristics of various 
substances to enable him to concoct, so to say, a special 
food of his owi: Jf to decide on the nature of this 
he has to make experiments with stock, he will not 
have any occasion to regret making them; for he 
will, if he closely observes and notes facts, learn 
much that will be of wider value to him than merely 
the finding out of a good condimental food or cattle 
relish. 

Effeoti of the System of Ohangiag the Kinds of Food given 
to Cattle upon the Eoonomioal and Effective Feeding. 

Amongst other points he will probably see exemplified 
another circumstance which goes largely to modify the 
scientific or analytical value of cattle food. This is 
the effect of change of food,’’ and is obviously 
cognate to <-he last-mentioned subject of the “ relish ” 
with which cattle partake of their food. Here, again, 
analogies drawn from our own habits are of gi’eat 
practical value to the cattle feeder. The beneficial 
effect of change on the kind and quality of the food we 
ourselves partake of is so well known that it seems 
strange that the principle which it involves should 
have been, or more correctly stated, should be, so com- 
pletely overlooked by many feeders of farm stock. This 
arises, no doubt, from the fact being so little under- 
stood that between our own habits and those of the 
animals we feed there are many points of similarity. 
No one who has closely observed the ways and doings 
of domestic animals but must have been struck with 
them ; and in how many things they do just as 
under the circumstances we should have ourselves 
done. It is only the supenor men — men of education, 
but above all possessed of habits of close observation 
— who have applied this knowledge of the habits of 
animals to their breeding and reaiing, and it is in this 
way chiefly that our best breeds have been obtained. 
But it will only be when the great majority of those 
engaged in fattening farm stock acquire the habit 
of observation and apply its results to their daily 
practice that we shall see a vast improvement in the 
economical use of food. 

Graziers, for example, where their practice is in- 
telligent, know that the mere change of animaji 
pastured from one field to another is benefical to 
them. It is likely that the benefit of change arises 
not merely from the restoring of an appetite or^ 
relish for food, which has been jaded or lost 
repeated eating of the same food ; but a positive 


chemical or physiological action set up through the 
new food coming in contact with the old. Thus 
Liebig himself showed that there existed in the fluids 
of animal flesh cei*tain very minute substances which 
greatly influenced its digestibility when partaken of as 
food. And it is quite a reasonable deduction to draw 
from such a fact, that those substances ai'ise from the 
food of which the animal partakes. And as the total 
amount of all the compounds which play an, or the, 
important part in the process of digestion and assimi- 
lation of food is in itself very small, those substances 
influencing the digestibility of flesh and the assimi- 
lation of food must be very minute. So that in this 
we find another reason for deciding that the value 
of feeding stufts, as shown only by chemical analysis^ 
must in practice be, and is, modified by a very wide 
variety of coiisidemtions almost wholly physiological ; 
although it is possible, and indeed probable, that some 
of the modifications may be brought about by chemical 
processes going on of which we know nothing — do not 
even guess at; so difficult is it to decide on points 
in which so complicated a structure as the animal 
frame, and in which the mysteries of life are found, is 
concerned. 

Thus the condition in which the food is as regards 
its quality must influence its eftects upon the animal, 
and probably set up some chemical processes within 
the animal as well as bring about certain physiological 
modifications. We have seen that as changes in the 
character of a food are important elements in primitive 
feeding, as by cooking, so also is this of quality likely 
to be so. Food musty or mity cannot possibly be 
such a healthy food as that which is free from all 
disagreeable smell and from living organisms. 

The Peonliarities of Animals inflaenoing their Fatting. 

We have hitherto considered the subject of feeding 
of farm stock in relation to animals generally, and 
noted various circumstances which modify the in- 
fluence and divide the value of various feeding 
substances upon them. But when we come to con- 
sider the specialities of animals in their individual 
aspects, we bring up a series of points which again go 
far to influence and modify the chemical deductions 
os a food; and which show liow very complicated 
is the function of the feeder. As we, considered in- 
dividually, differ gimtly in our physical or material 
peculiarities, so do animals. Cattle of the same breed, 
however good that breed may be as giving fattening 
stock, show different capabilities of fattening. Of two 
oxen of the same breed, and apparently very similar 
in physical characteristics, fed on the same food and 
on the same plan as regards quantity, time, etc., one 
will fatten quickly and will pay well, the other w'ill 
not fatten quickly — perhaps not fatten at all in the 
feeder’s sense of the term. 



THE BRICKLAYER OR BRJCKBETTER. 


209 


THE BBZCXLATEa OB BBICKSETIEB. 

The Peinciplbs and Pbaotioal Details of his Woek. 

CHAPTER XIT. 

Projeotiotti and Xodelt of the Bonding of Brick Wallg of 
Different Thiokneasof, without and with ‘^Eetumi/* highly 
uieftil to the Young Brioklayer. 

We would recommend the student of brickwork 
to project for himself the different courses of work 
in nine>inch Old English bond, and in fourteen-inch 
Flemish bond, for return at courses as in fig, 25, and 



Fig. 80. 

of one wall meeting another at i*ight angles, as in 
fig. 26, and also to project (see ‘‘The Building and 
Machine Draughtsman ”) the courses of brick walls 
up to two and a half bricks in thickness. To aid him 
in this and in other projections of bond, we would 
strongly advise him to purchase a set of wooden toy 
bricks, taking care that they are in due proportion to 


making drawings of each combination as he produces 
it« the drawings being to some definite scale. Had 
space permitted we should have given projections of 
walls up to three bricks in thickness, with returns as 
in figs. 25 and 26 ; but the purpose of our paper will 



Pig. 82. 

be amply served by what we have given in connection 
with nine- and fourteen-inch walls, which comprise 
by far the largest part of brickwork executed for 



Fig. 88. 

ordinary purposes. The illustrations we have given, 
together with our remarks on “ bond ** generally, 
should give the pupil material enough 



Fig. 81 . 




Fig. 84. 


each other. Or he may very easily make a long strip' 
or feather of wood of the proper width and thickness 
corresponding to a brick on any scale or size desired, and 
that being thus determined, he may cut off numerous 
separate lengths from this, each length corresponding to 
the length indicated by the scale. By means of these 
smalbscale wood-bricks the student should be able 
to master a wide variety of combinations in bond, 


to make projections of a wide variety of brickwork, and 
to become well acquainted with the combinations of 
which bricks are capable. This he will be greatly 
aided in if he should use the small-scale bricks we have 
here recommended. We now proceed to illustrate 
the various classes of what may 6e called general 
brickwork, taking first the department of hollow 
walls, or brick walls having a cavity in their interior. 
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Hollow or OAirity Walli. 

In the paper entitled ‘*The Sanitary Architecst,” 
while treating of foandations^ we drew attention 
to the importance of jso constructing them, and 
the superincumbent walls resting upon them, that 
they should give as dry a wall as possible; and 
we there alluded to the system of building walls 
hollow, or with a space or cavity in their interior, 
as being now much used with this end in view. At 



first/ on examination of the various systems of build- 
ing walls hollow, now about to be illustrated, it 
would appear that they would also be economical 
in constiniction, inasmuch as they obviously require 
fewer bricks; but the advantages in this respect 
which they offer are, to a large extent, done away 
with, from the increased cost and from the longer 
time in bonding and setting of the bricks which 
the systems involve. Nevertheless, they offer such 
advantages in regard to the securing of dry walls 
tliat they are worthy of being universally adopted 
where these are desiderated — which, properly speaking, 
should be in the case of every building designed to 
shelter living beings. The invention of hollow walls 
is not a thing of yesterday, but dates back for a con- 
siderable peiiod of time, a Mr. Dearn having, in 1829 
or thereabouts, introduced his ‘‘nine-inch hollow 
wall," which we illustrate in plan and section, fig. 1, 
Plate CXLIV. In this the bond used is the “ Old 



Fig. 86. 


English " — already described and illustrated — the 
lower courses, as shown^ being first a row of headers 
and then a row of stretchers, the next course being 
a row of stretchers laid “ on edge," not “on bed," the 
next above being a row of headers. The arrangement 
of the two courses is shown in section to the right ; 
the hollow spaces in alternate courses being formed 
by the rows of atretchers on edge. In Silverlock's 
system of hollow wall, as illustrated in fig. 2, Plate 
OXLiy*, “ flemish bond " is used, the bri(^ being set 


on edge, both in the stretchers a a and headers 
b h, the header bricks b b gcing “ through " from 
front to back of wall, and thus fanning a strong 
“bond” to the whole system. The diagram in b 
gives a section of a on the line 1 2, showing how the 
headers a a pass through from front to back of wall. 
This, although nominally in Flemish bond, is an 
irregular bond, as shown in the part elevation in 
diagram b, fig. 2, Plate CXLIV., as the courses 
are deeper than usual, the breadth of the bricks 
giving the height of the courses in place of the 
thickness as in ordinary bond. 

The method of giving a hollow brick wall eleven 
inches thick with a two-inch cavity is illustrated in 
figs. 3 and 4, Plate CXLIV., and consists in simply 
leaving a space a a, in fig. 3, Plate CXLIV., of two 
inches between the stretchers b b by advancing the 
inner faces of these the same distance beyond the 
ends of the headers — thus forming a series of cavities 
or hollows two inches wide in the centre of the wall, 
the same being repeated in the inside of wall, should 
“ firring ” or timber battens be nailed or secured in 
the inside, as shown by the double dotted line, a a, 
fig. 4, Plate CXLIV., on which the plastering is laid ; 
or should this not be adopted, and the plaster laid at 
once upon the inside, the projecting faces b h oi 
stretchers, and the indentations between those ends 
and heads of the headers c c form excellent “ keys ” 
or bond for the plaster. In fig. 3, Plate CXLIV., 
diagram A shows the first course of the headers, a a ; 
B the second course of stretchers, b 6, with space be- 
tween them, m a a. The dotted lines in each show 
the courses placed above each. The front face of the 
stretchers 6 6 in B being flush with the end face of 
headers a a in a, as shown in section at d e, and a 
space of two inches being left between the stretchers, 
the second or inner stretcher, as c in a, fig. 4, Plate 
CXLIV., projects beyond the ends of th^ headers, this 
forming the spaces as 6 6 in a. Sketch to the right. 
B in same figure, gives an elevation. In fig. 5, 
Plate CXLIV., in diagram a we give the first 
course, and in b the second course, of another system 
of hollow wall, in which the thickness is equal to a 
brick-and-a-half or fourteen-inch wall. Diagram c, 
fig. 6, Plate CXLV., is part elevation. In this the 
“ headers ” a a, 6 b, alternate, showing alternately to 
the front as a a, and to the back as b b, two stretch- 
ers, as c c, d dy being placed between two headers. 
In fig. 7, Plate CXLIV., we give first and second 
course of an eighteen-inch hollow wall. Fig. 2, 
Plate CXLVI., is the first course of another method, 
showing the return wall at a corner, fig. 3, Plate 
CXLVI., being the second course of ditto, two bricks 
^thick. The front wall, as a a, shows the course in 

Old Englijdi bond,” the return wall, a b, in “ Flemish 
bond.” 
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IHB 8TEBL MAKEB. 

Th* Details of His Wobk— The Principles of its 
Processes— The Qualities and CHARACfrsRiBTics of 
ITS Products. 

CHAPTEE IX. 

Proosst of making Ornoiblo Steel. 

The form of furnace used in making crucible steel 
in the ordinary way is that known familiarly as the 
ooke hole or melting hole. The furnace is of but small 
dimensionsi capable of holding, as a rule, but two of the 
crucibles we hare described ; but several of these small 
furnaces are placed in line, a due common to them all 
maintaining the draught by the aid of a chimney, tall 
enough to keep up a very strong draught. Each 
furnace is lined with a refractory material, such as 
fire-brick or the siliceous stone known as ganister, 
used in the iron and steel manufactures, where very 
liigh temperatures are required. To prepare the 
crucibles for the high temperatures to which they are 
subjected in the furnace, they are first treated in a 
separate furnace to a species of annealing or temper- 
ing. They are placed along with their covers upon a 
bed of red-hot fuel, in their special furnace or an- 
nealing grate, in lots of twenty, bottom upwards ; the 
spaces between and surrounding them are then filled 
with coke, and the fire urged by ordinary draught till 
the desired heat is obtained. They are then removed 
and placed in the coke or melting hole furnace; 
where they are subjected to a strong heat, to 
prepare them for their separate charges of steel — for 
which' they are ready in about twenty minutes or 
thereabouts, according to the temperature attained. 
The steel, broken up into small pieces and carefully 
assorted in order to obtain as definite a quality as 
possible, is then supplied by means of a long iron 
funnel. Each pot as it is charged has its cover placed 
upon it, and the full heat of the furnace applied. 
At the end of three and a half hours, or thereabouts, 
the fusion is complete —fuel having been added to the 
furnace at regular intervals of forty-five minrutes. The 
precise condition of melting or fusion is ascertained 
by pointed rods which are passed into the crucibles, 
the covers being previously removed. Through long 
practice the workman knows by the “feel,*^ so to 
say, which the mass of molten stuff gives under the 
probing and stirring action of the rod, whether the 
precise condition or degree of fiuidity is reached. The 
masses of slaggy vitrified matter which are found to 
adhere more or less to the crucibles in consequence of 
the high temperature to which the fuel is subjected 
are cleared from the crucibles by stirring from below 
the grating of the furnace, and are then lifted out 
by means of tongs which embrace them tightly. 
The crudbleii, with their burden of fiuid steel, are 
earned off to the place where the moulds or ingots 


are placed which receive it. Before being poured 
into the ingot moulds, the steel is allowed to stand 
for a short time, slightly to reduce its temperature ; 
and when the mould is filled, its mouth or aperture 
is closed up with a cast-iron plug, or more readily 
with a mass of sand, — this being done in order to 
prevent the top of the ingot from becoming spongy 
or honeycombed, which it would otherwise b^me 
if the gases were allowed to escape during the process 
of solidification. The ingots or moulds are made of 
cast iron lined by various substances to prevent the 
adhesion of the steel to their surfaces. The great 
heat of the furnace is found to weaken the strength 
of the crucibles^ highly refractory as are the materials 
of which they are made; so that on being passed 
through the furnace for a second charge, the weight 
of that is reduced. 

Crucible or Oact Steel (continued). 

Our readers may have heard of the heavy objects 
used in engineering work made of cast or crucible 
steel, of which possibly the celebrated steel works of 
Krupp, at Essen, in Prussia, have produced the 
largest examples, as in his well-known steel guns. 
Those articles are produced by combining the contents 
of a large number of crucibles, these being poured 
at the same time into the mould ; or the contents of 
the crucibles are poured in the first instance into a 
ladle large enough to contain the desired quantity of 
steel, which is finally poured into the mould. When 
the object is very large, requiring the contents of a 
great number of crucibles, the reader may judge of 
the nicety required in adjusting the number and in 
manipulating them so that the steel will be so poured 
into the mould that the whole mass will be of uniform 
qi^ity or homogeneous throughout. To insure this, 
the organisation of the men engaged in bringing up 
the different lots of crucibles must be very perfect ; 
for the great object is to secure a continued supply 
of steel in the liquid condition ; the least degree of 
setting ” of the metal in the mould would be fatal 
to the integrity or uniformity of the object cast or 
moulded. 

In making crucible steel it is obvious that its 
quality is wholly dependent upon the skill of the 
workmen in selecting the steel bars to be broken up 
and put into the crucibles to be melted. And this, of 
course, necessitates a thorough acquaintance with the 
blistered steel of which the selected bars are formed. 
The finer the blistered steel, the finer the crucible 
steely and the finer the wrought or malleable iron 
from which the blistered steel is made, the finer the 
blistered steel resulting. The finest of all crucible 
steel is made from selected bars of blistered steel, 
known as cement steel, which again is made from the 
finest brands of Swedish bar iron. The reader will 
thus see that the quality of erucible steel is dependent 



212 


THE STEEL MAKER. 


upou the mixture of the blistered steels, and upon 
the knowledge which the workman or manager has 
of the varieties of the latter. 

The Makiag of Steel from Otit Iron. 

We have in preceding paragraphs in this chapter 
described the methods which have been brought out 
of making steel direct from the ore. We now take 
up, as in the natural sequence of the subjects, the 
methods for making this metal from pig or cast — or, 
as it is often termed, crude iron. We have seen that 
in the Siemens process of making steel direct from 
the ore there is a modification of it in which scraps 
of wrought iron are used as well as of pig-iron. 
What is known on the Continent as natural steels 
are produced by the agency of refining furnaces, very 
much in the same, way as that of the Catalan process 
— by which, as we have said, steel is produced direct 
from the ore. The principal feature of this system 
of “ natural steel ” making is the blast of air pro- 
duced by artificial means, and applied very much 
in the same way as in the Catalan process, with this 
difference mainly — that the blast is much more 
powerful ; by which more oxygen is, if not foi*ced 
through, at least brought in contact with, the hurface 
of the metal in a given time than in the older and 
more simple pi’ocess. The Styiian steel long pos- 
sessed a high reputation, and it was produced on this 
system of treating crude or cast or pig iron with a 
blast of air in an appropriately arranged furnace. 

We now approach that period in the history of 
steel making in which were ptuduced those methods 
which have revolutionised the modern trade, and 
introduced an entirely new era in the manufacture 
of steel, by which masses of this truly precious metal 
are produced in weights, and at a saving both of 
time and of cost of production, far exceeding the 
capabilities of all other processes previously practised, 
and in a way which, from its comparative simplicity, 
has outstripped the dreams even of the most sanguine 
of inventors. 

In connection with the one of those modern methods 
— for there ore strictly only two, as we shall hereafter 
see— every one has heard of the name of Bessemer 
steel. But it is not every one vho knows the details of 
the history of this great discovery — the difficulties the 
inventor had to encounter, the opposition with which 
he had to contend, before he succeeded in establishing 
beyond a doubt that his system was something vastly 
more important than a mere scientific theory, however 
clever and acute in its conception or however accurate 
in its deductions. It was not merely that the inventor 
had to meet the indifference, general and special, wdth 
which the vast majority of new things, however good, 
are received : this, and the ridicule with which his 
proposition was greeted — nor less, though harder 0 
bear, the personal insinuations as to motives and aims 


— he had to endure with what patience he could, and 
that was required in no trifling degree. But he had 
to pass through even a greater trial of this by no 
means common virtue ; and it must have been a still 
severer trial of it when he had to meet the treat- 
ment his discovery received at the hands of many 
scientific men, belonging to the very class to whose 
antecedents, hopes and aspirations, he was justified in 
believing that his discovery would appeal so strongly. 
At the very least it would have, the inventor was 
justified in thinking, however fully and severely 
tested, a fair field, and be brought into the arena of 
that calm discussion which every scientific discovery 
should receive. But this was not to be ; and although 
not a few men of science, as profoundly gifted as they 
were fair and considerate in their estimate of the value 
of new things, treated the discovery of Bessemer with 
all the satisfaction which a knowledge of its truth 
gave them, there were others who so far forgot what 
constitutes the very spirit of modern inductive science, 
which admits of no assertions or assumptions but deals 
only with facts, that they, not content merely with 
statements of theories which they seemed to value 
only in so far as they might be^ made antagonistic to 
the new discovery, denied the facts which such trials 
as were carried out made abundantly clear. All this 
was bad enough, and difficult for the inventor to bear 
with equanimity and patience ; but worse remained. 
He would have been justified in supposing, if the 
world generally treated his discovery with indifierence, 
if men of science in their eagerness to detract fi*om 
its value forgot what was due no less to themselves as 
individuals than as representatives of tnie science, that 
at all events his discovery would have been received 
with delight by the ironmasters, as one likely to open 
up to them a new source of trade, by giving them 
facilities for creating with greater ease and in larger 
bulk than had ever been within their reach a material 
even more valuable for the wide range of industrial 
purposes than that which they with the old and estab- 
lished system could manufacture. But this also was 
was not to be. It is needless now to detail the variety 
of opposition offered to the invention by “ the trade," 
although it is right in the interests of history — nay, in 
that of true progress in the material advance of the 
people — to recall the fact that it was as bitterly car- 
ried on as it was persistent and long continued, as if 
the object of the inventor had been to injure rather 
than enormously to benefit their trade. And it 
seemed, so to say, to be but the very irony of fate 
that the apparatus erected by one firm specially to 
prove that the discovery was in fact no discovery at all 
— that it was based upon a false theory, founded on 
an erroneous deduction — was precisely the very means 
of proving that the discovery was based on a sound 
foundation, its deductions accurate and precise. 
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THE IBON HAKEE: 

Tkb Bbtails of his Work and the Principles of its 
Processes. 

CHAPTER VIII. 

The charge in the case of Barrow-in-Fnmess furnaces 
per t(Hi of iron produced is as follows ; — 

Cwt. 

Haw ironstone 84 

Darlington coke from 19 to 21. 

Limestone from 6*6 to 7. 

As a rule the proportion of ore in the charge ” is 
such as to give about 50 per cent, of iron. Following 
this proportion, three parts of ore, two of coke and one 
of limestone may be given roughly to indicate the 
average ingredients of a charge. 

The following tables may be useful as showing what 
charges are in common use. 

(a) Rich ore. Ulveretone Hmrtiatite. 

Bed Haematite raw 34 to 34i cwt. 

Durham coke 18 to 18^ „ 

Limestone „ 

{h) Poor ore. Cleveland diatnet. 

Cleveland ore, 30 per cent, iron ... 8 cwt. 

Limestone n 

Coke 6 „ 

(o) Mixed ores. South Staffordahire. 

Mixed ores 28 cwt. 

Cinder (tap and flue) 2 „ 

Dudley limestone 9 „ 

Coke . . . . • • . . „ 

Coal .••••#••• 2^ „ 

The quantity of carbon required varies according 
to the quality of the ore; the poorer the ore the 
greater the amount of carbon, and vice verady only 
a small percentage of carbon being required for rich 
ores. 

The Fraotioal Work of the Blait Fnmaoe. 

Much of the practice of blast furnace management 
comes very much under the thumb-rule style of treat- 
ment, but which, from what we have said, is never- 
theless sound in principle, at least in many of its 
aspects ; and the more recent investigations of science 
have shown that while science has not been thought 
of by the workers, certainly not explained in detail 
by them, yet they have been in large measure fol- 
lowing its dictates after all. At the same time it 
must not be forgotten that to strict scientific investi- 
gation the manufacture of iron is under the greatest 
obligation ; and when we remember those recent dis- 
coveries in metallurgy which have revolutionised the 
practice of more than one of its departments, it will be 
seen that the practice will yet be largely influenced by 
and be greatly indebted to the science of the future. The 
true conjunction, after all, which the reader should bear 
in mind, is science with practice ; not the one without 
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the other, or even science avdy but, as we have put 
it, science with practice. The distinction seems a nice, 
almost a paradoxical one; but the youthful reader 
will do well to think it over and trace its practical 
outcomes, which, if he does, will show him how 
important they are. 

From the varied practice of blast furnace working 
in various districts, it may be stated that the rule 
is deducible, that the proportion of ore in a charge 
is such as to yield about 50 per cent, of iron. Fol- 
lowing out this proportion, three parts of ore, two 
of coke, and one of limestone, may be taken roughly 
to indicate the average ingredients of a charge. The 
quantity of carbon required (coke or coal) varies 
according to the quality of the ore used ; the pooi’er 
the ore the greater the amount of carbon required, 
and, vice verad, the smaller percentage of carbon for 
rich ores. The ores varying, as we have elsewhere 
stated, in quality, a fair average is generally adopted 
by mixing the poorer varieties with the rich, the 
object being to obtain, as a result, the average of 50 
per cent, of iron, as above named ; and the proportions 
of ore, fuel and flux, as just given, are placed in the 
furnace or charged to it in alternate ** charges." 
The great iron-making districts of the kingdom are 
represented by the ** Staffordshire," the Yorkshire 
(better and more widely known as the Cleveland " 
— t.e., the district of which Middlesbrough may be 
taken as the working centre), and the Ulverstone," 
of which the new but now densely and largely 
populated town of Barrow-in-Furness (Lancashire) 
may be taken as the centre. Those three districts 
may be taken to represent the throe classes of ores 
from which the English iron is made ; of which the 
extremes are XJlverstone, which repi'esents the best 
or hig&est, Cleveland that of the worst or poorest 
ores ; and Staffordshire, as representing what may 
be called the middle-class ores. The ores of Scotland, 
as we shall see, may come under another category, 
the chief feature of which is the Black-band ores, 
of which Staffordshire, by the way, yields a good 
supply. Mr. Williams, in his very valuable Cantor 
lectures — given under the auspices of the Society of 
Arts, and which we strongly recommend to the notice 
of the readers — on the subject of ‘‘Iron and Steel 
Making," gives the proportion of the “ charge " used 
in the three representative districts of Englith iron 
making in the order in which we have above 
referred to them. From these we prepare the 
following statement : — In the first or Staffordshire 
district, 28 cwL of mixed ores and 2 cwt. of cinder : 
these represent the ore part of the charge. The 
“ flux " department is represented by 9 cwt. of Dudley 
limestone, and the “ fuel " by 10 cwt. of coke and 
2| of coal. In the “ Cleveland " distiict the “ charge " 
is made up of 8 cwt. of the ores of the district, 2*2 cwt. 
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of lixnestonei and 6 cwt. of coke. In the Ulverstone, 
otherwise known as the ^^Bed HaBmatite^' district 
from the fine quality of the ore there so abundantly 
met with, the charge is made up of from 34 to 
34iJ cwt. of raw red haematite ore, 18 to 18J cwt. 
of Durham coke, and 5| cwt. of limestone. Taking 
these representative charges, we find that in the 
Staffordshire district the proportion of lime flux to 
the ore is about one-third, and of fuel to the ore 
about two-thirds. In the Cleveland district the 
proportion of lime (flux) to the ore is between one- 
third and one-fourth, and of fuel to the ore about 
three-fourths. In the Ulverstone district the propor- 
tion of lime (flux) to the ore is about one-sixth, and of 
fuel to the ore a little more than one-half. In the-^e 
it will be noted that, so far as the Ulverstone district 
is concerned, the difierence in the proportions of flux 
and ore in its practice is very great, as compared with 
the other districts. This arises from the richness of 
the red haematite ore, very little silica having to bo 
removed from it by the flux action. It will also be 
observed that the fuel used in all three districts may 
be said to be coke — the only exception being the 
Staffordshire, in which coal is used, but this only in 
very small proportion, as say one-eighth of the coke. 
And the reader will also take note that the fact we 
have but just stated — namely, that the richer the ore 
the less the amount of carbon derived from the fuel 
required — is illustrated in the practice of the above 
representative English iron-making districts. Thus 
the fuel is required in the lowest proportion in the 
Ulverstone district, in which the ore is the richest ; in 
the highest proportion in the Cleveland district, in 
which the ores are the poorest \ a medium proportion 
being required in the Staffordshire district, in which 
the mixed ores used give what may be called a 
medium degree of richness. 

Whether using raw ores and raw limestone (or 
flux), or whether roasting or calcining them, be the 
more economical practice, is a point very much 
disputed amongst practical, and by many scientific 
men. 

The Prooett of Bednetion in the BUit Pornaoe. 

The following remarks, it must be distinctly under- 
stood, refer specially to the cold blast, unless otherwise 
expressed ; the subject of the hot blast will have 
a separate paragraph devoted to it. In the case of 
the cold blast a quantity of the heat of the fur- 
nace is absorbed in raising the air to the requisite 
temperature much greater than that required when 
the blast is already heated to a certain degree ; the 
result is that the maximum temperature occurs at 
a higher level, and distributed to where it is not 
required. Hence it sometimes happens that jj|t 
better iron than forge iron can be obtained, ^flus 
is a point in regard to the cold Uast which it will be 


well to bear in mind, as giving at the outset some 
idea of the distinction between the hot and cold blast. 

Beginning at the top of the charge, where the 
material is subjected to the least amount of heat, we 
find that if raw ore is used, a veritable process of 
calcination or roasting is taking place: the ore is 
not only affbcted by the heat of the gases which are 
evolved from the material below, but is acted upon by 
them chemically. The chief substances composing 
these waste gases are carbonic oxide (00), which is 
inflammable, burning with a blue flame and forming 
OOj ; carbonic acid (CO 2 ), which is incombustible ; 
cyanogen (C^N), and hydrogen, which bums, forming 
water. Besides these, there are always present various 
hydi’ocarbons more or less numerous — compounds 
formed of carbon of the fuel united with hydrogen. 
In this action much depends upon the height of the 
furnace. When high or tall furnaces are used, the ore 
becomes roasted before the carbonic acid evolved can 
prove injurious by uniting with the lime mixed with 
the charge. But, on the other hand, tall furnaces 
possess this disadvantage, tliat the pressure on the 
gases in immediate contact with the iron is increased, 
and thereby the pressure on the iron is increased 
in proportion. Now, this increased pressure has a 
deteriorating effect upon the quality of the iron, in 
a manner which will be referred to hereafter. 

Immediately below the point at which this calcina- 
tion of the ore takes place the ore undergoes a certain 
amount of rediwtion. In other words, the oxygen 
with which the iron is combined unites with the lime 
which is present in the charge in the form of some 
variety of such as carbonate of lime ; creating 
the combin.ation known as calcium oxide. Below this 
region of reduction we come to the part of the furnace 
where it is said to be at a ** full red heat ” — ^.e., about 
the middle of the body or cone of the furnace. At 
this zone or band the iron is exceedingly porous and 
spongy, and so extremely active that it wrill seize upon 
and combine with the elements of the nearest sub- 
stances surrounding it. For this reason it is termed 
the “zone of absorption.'' Examination of a piece 
of spongy iron will show that it is of a honeycombed 
structure, consisting of the particles of metal seemingly 
cohering only very slightly, leaving spaces between. 
Iron in this condition is pure or impure according to 
the richness of the ore used : if the ore used in pro- 
ducing it contain few impurities, and these only the . 
less injurious sorts, so will the spongy iron be nearly 
perfectly pure. The chief impurities ordinarily 
contained in spongy iron are the “ silicates,” and 
mainly for the purpose of removing these it is that 
6ome}ft«a; is added to the charge. 'This consists oS. 
some substance that will unite with silicon, and has 
a greater attraction for it than ii*on ; the flux usually 
employed, as we have seen, is “limestone”; and 
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SB we have also seen, is used in proportion to the 
richness of the ores and the absence from them of 
debasing constituents such as silica. Ifc 

In reference to the I'esults of the blast, the following 
is the opinion held by Mr. Charles Cochrane, of 
Dudley, as expressed in a paper read before the 
Institution of Mechanical Engineers : — The most 
perfect action of a blast furnace the writer conceives 
to consist in the development of the highest tempera- 
ture needed for the production of the required 
quality of iron, in a layer or stratum as little re- 
moved from the iuyhrtB as possible ; and the absorption 
of the heat from the ascending gas by the materials 
through \\hich it passes, until it leaves the throat of 
the furnace at the lowest possible temperature. Any- 
thing which tends to cause a more perfect absorption 
of the heat developed in the hearth, or to lower the 
level of the region of highest temperature in the 
furnace, will thus be beneficial.” 

Frooeii of the Beduotion of the Orei or Convereioii into OMt 
Iron in the Blast Furnace (continued'). 

We now come to consider, as fully as the space at 
our disposal admits of, the action of the blast furnace 
when fully charged and under the influence of the 
high temperature created by the blast ; or, in other 
words, the process of reduction ” or smelting of the 
ore as it gofes on within the furnace when in full 
work. As we have seen, the charge of an ordinary 
blast or smelting always consists essentially of three 
materials : the ore to be smelted, the flux wherewith 
to smelt it, and the fuel to produce the necessary 
temperature. Of these the latter is only combustible, 
it cannot melt ; the two former — ore and flux — are 
fusible when in combination. And it is not im- 
probable that only they are so when subjected to the 
high temperature of the hearth. As the ore, by the 
influence of the flux, begins to melt, it descends in 
the fumace, and is soon converted into what we have 
already described as iron sponge, and which is so called 
from its porous nature and readiness to absorb and 
combine with the substances with which it is in contact. 
It may, however, not be improbable that the gangue, 
when composed of silicates, is derived from the sponge 
above the zone of fusion, and if so it leaves that zone 
capable of doing more work. The sponge being now 
in a fluid condition, runs down as comparatively pure 
metallic iron into the crucible or bath at the hearth 
below. There is thus nothing left in the space 
below the fusion zone and above the bath except the 
infusible fuel, and this collects here and remains imtil 
it is burned away. From what has been said it will 
not be difficult now to understand that the quantity 
of the ozygen burned per second, the amount of lime 
as compared with carbon, and the relative fusibility 
of the gangue contained in the iron ore, will in a 
gveat measure, if not entirely, determine the height 


of the mass of fuel in the space above the bath and 
below the zone of fusion. Generally speaking, there 
will 1 ‘esult a less height of fuel from an infusible 
gangue of quartz where the silicates or other in- 
fusible gangues tend to produce a higher column of 
fuel. The cause of this is simply that the mass will 
in the former case remain unmcdted and infusible 
until acted upon by the contact of newly generated 
carbonic oxide, just as in the case of the sponge itself. 
It will of course be seen that what heat is employed 
in melting the gangue in this manner is subtracted 
from what goes to melt the sponge; there will 
therefore be less sponge melted and a smaller yield 
of iron from the fumace. It is aho to be noticed 
that the result of diminishing the height of fuel, as 
above explained, is that there is less contact of the 
blast with fuel ; consequently an additional supply of 
fuel is necessary, not only to make good the heat, 
employed in melting the gangue, but also to make up 
for the decrease of fuel-surface subject to the action 
of the blast. 

Different Zones or Begioni of the Fusion or Beduotion of the 
Ores in the Blast Fumaoe. 

As illustrating the different regions — termed 
technically, as we have elsewhere stated, ‘ zones” — 
of heat existing within the blast furnace when in full 
work, we give a diagram in fig. 1, Plate CLXVII., for 
which we are indebted to a paper read before the 
Institution of Mechanical Engineers by Mr. Charles 
Cochiune, of Stourbridge, illustrating the gradationa 
of heat in a blsist furnace of eighty feet in height. 
Beginning at the top of the furnace, the space from a 
to b represents the zones of i*eduction and of carbon 
impisegnation ; from 6 to c is the zone of limestone 
or “ ^ul ” decomposition and also of reduction ; the 
large space from c to the dotted line d represents the 
zone of heat interception ; and lastly, from d to the 
bottom of the hearth at e, the zone of fusion, or the 
crucible of the fumace. From this it appears that 
the entire height of the blast furnace may be divided 
into four principal divisions as regards the gradations 
of tempeniture in its interior, as described above. Of 
these the lowest zone— the “ zone of fusion,” from eiod 
— occupies nearly one-tenth of the entire height, 1 to 
10 ; the next division, from d to c, more than one-half ; 
the third, from ctob, more than ono-tenth ; and the 
uppermost, from b to a, about one-fifth. 

, Coming to the smaller divisions indicative of the 
varying shades of heat, as decided upon by Cochrane, 
from the top / to point g is distinguished as the zone 
of “ black,” and proceeding downwards from p to A is 
the zone of “ dull red heat ” ; from A to t the “ red- 
hot ” zone ; from ♦ to J that of “ full-red ” ; from^' to 
k and from kiol the bright red” zones; from I tom 
the ‘‘ very bright red ” zone ; while from m to n is the 
zone of “ white heat.” 
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THE SAniTABY ABCHITECT. 

The Peinoiplbs -akd Peactice of Hib Woek, in Healthy 
House Aebanokment and Constbuotion.— Technical 
Points of Sewerage and Deainaoe, Ventilation, etc. 


CHAPTER V. 

On Briek u a Building Btatorial (continued). 

Much of the pi^judlce which in some quarters exists 
against brick walls arises not only from their being too 
thin — ^a 9-inch solid in place of a 14-inch solid, or a 
9-inch solid in place of an 11-inch cavity or hollow 
wall, for example — but much more frequently fi^om the 
choice of badly burnt, porous, unsound bricks, and from 
the scamping way in which they are put together 
— broken bricks, imperfect bond, and mortar of the 
poorest quality, which crumbles away in a season or two, 
being the characteristics of the work. An honestly 
built brick wall of good, sound, hard, well-burnt bricks, 
even if only of 9 -inch thickness, will be worth far 
more than a 14-inch or even a two-brick thick wall 
dishonestly built. It is most mistaken economy to 
use bad bricks simply because they are cheap, and 
mistaken policy in building to build quickly. Ex- 
pense may at first sight be lessened j but it will not 
be long before the proprietor finds out his mistake 
in incessant demands on his purse for repairs, or in 
finding those worse demands upon the health of those 
who have the misfortune to live within such walls, so 
thoroughly badly built at first. Another advantage 
which brick possesses over many qualities of stone — 
which it may be as well to name here, although it is 
a quality connected more with the safety than perhaps 
the sanitary condition of property — is its capability 
to resist the action of fire. In many cases of fire the 
walls, or parts of them, if built of stone, are rendered 
wholly useless oven when the fire has not been a very 
bad one or a ** thorough one,’’ from the stone either 
exfoliating or crumbling to pieces under the action of 
heat, this being more especially observable in the case 
of limestones. But walls of brick will often scarcely 
be injured by a fire of the same degree of intensity, 
and may be allowed to stand with perfect safety, 
while the stone ones would have to be rebuilt. This 
was most strikingly exemplified in the great fire at 
Chicago, in the United States: the stone houses there, 
being mostly built of a kind of limestone, were nearly 
all totally destroyed, the walls crumbling away and 
breaking completely up; the same with the iron 
houses ; but those of brick stood the intense heat so 
well that the walls in many instances were left sound. 
Indeed, several instances showed an unusual quality 
of brick— namely, the power to resist fiire, that is, not 
to be so easily caught up. by surrounding flames. ^ 
very remarkable example of this was noticed in the 
Chicago fire. A brick house, situated in the very 


midst of a burning district, surrounded on all sides 
by the flames and heat of burning houses, was, to the 
sur^lrise of all, when the mass of fire had burnt itself 
out, found to be still standing, and, what was very 
remarkable, it had not taken the fire at any point. 
There is, we believe, much to be learned yet in the 
direction of safety from fire to be gained by the use 
of building materials for the exteitial walls. 

Expedients to Cure or Prevent Damp Walls. 

Where the misfortune exists of a thoroughly damp 
wall, it is not only a difficult but a costly thing to render 
it dry. All sorts of expedients have been introduced, 
and numerous materials have been patented by which 
damp walls can be made and kept dry. External 
coatings of tar, although to a certain extent efficient, 
yet rendeidng the house exterior hideously ugly, are 
employed, but these require to be perpetually renewed ; 
coverings of slate, also external and nearly as ugly, 
are also used ; or cement, which is not only ugly, but 
which, if not honest in quality and in the v^y it is 
applied, is very costly, as it lasts no great length of 
time. Then again there are a host of linings for 
internal use, which at first, moat of them, show signs 
of efficiency that, unfortunately, do not last long. 
Although perhaps the most expensive, we believe 
that no expedient will equal, not only in efficiency 
but also in its lasting characteristics, An application 
externally of Portland cement — that is, if the quality 
be good. Perhaps the best test of this is its weight 
per bushel, which should not be less than 100 lb. — 
all the better if it is 110 lb. Of course, all external 
applications, of whatever kind, must be or should be 
mode at a season of thfe year when the walls have had 
as much of the drying season as possible, and should 
never be applied when the surface is well w’etted. 
But some walls get so thoroughly saturated with 
damp that it will reqiure a very dry season indeed 
before the external application can with safety be 
given. 

For rural or suburban houses, in place of the ugly 
coating for external walls of tar or slate, ivy may be 
used with picturesque effect, and will be found a 
capital thing to beat off driving rains. We are quite 
aware of the fact that the popular notion is, with 
respect to this plant, that it makes a wall damp on 
which it grows. It is not so. Examine a wall which 
is covered with ivy — we mean, of course, a pretty 
vigorous growth of it — after days, nay, a whole season 
of wet or damp weather, and you will invambly (we 
never yet saw an exception, and we have tested many, 
and still test all examples we meet with) find the 
wall below quite dry. The fact is, one has only to 
examine the habit of growth of the plant to see that 
the rain, however strongly it may be wind-dashed 
against the leaves, cannot— at least very easily— 
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reach the wall throtigh them. The leaves dash off the 
rain and cause it to drip downwards, but it cannot 
pass under the leaves, and of course not through 
them ; neither can it nor does it pass from above a 
leaf, for each leaf is more or less covered with the 
overhanging part — armour fashion— of a leaf above 
it. Then, again, ivy has this advantage — that while 
there is a close armour of leaves, the branches are so 
numerous, and so singularly placed in relation to the 
leaves and to one another, that the space, as it were, 
of the covering is honeycombed; thus the wind 
and air can get freely up through and amongst the 
<< panoply of green and 'dry,” acting upon the 
surface of the wall and keeping it dry : ivy has 'thus 
a twofold advantage. It may harbour vermin, but 
it is not so much of a nuisance in this way as it is 
supposed to be, or as many other plants are; and 
it always looks well with rural surroundings. We 
believe that there are, however, other plants which 
would give an equally pretty effect, with much of the 
damp-preventing qualities of the ivy; but the difficulty 
is in their not being evergreen. Some of the ever- 
greens trained to walls have not the same fine adapta- 
tion of leaf surface and branch disposition which 
makes ivy so valuable for the purpose here under 
consideration. 

The interior of a house has to be or ought to be 
also dealt with, os well as the exterior or surface. It is 
unpleasant to incur the reputation of being invidious in 
the naming of any one material used for constructive 
purposes, where there are many offering themselves 
to public notice; but we have found a species of 
paper, or paper board, known as the “Willesden 
paper,” to succeed when everything else which had 
been tried had failed. This is the result of a very 
clever chemical process lately introduced, by which 
the paper pulp is impregnated with a solution of 
copper. From trials we have made we believe it 
to be absolutely waterproof. For the thoroughly 
saturated parts of interior wall surfaces — and we have 
examined such in an actually dripping, not moist, but 
absolutely wet state — the only true remedy, we are 
inclined to believe, is the application of Portland cement. 
The expense of this is often lowered by using a heavy 
proportion of sand ; but the proportion of this should 
never exceed three parts to one of cement, which — 
and we cannot too oftefi name this — should be of the 
finest quality. There is a varietj'’ of what are called 
damp-proof papers used for lining the interior 
surfaces of walls; but for our part we have as yet 
not met with one quality which deserved its name, 
save the above-named ‘‘ Willesden ” — so called, we 
presume, from the fact that the manufactory where 
it is made is in the suburban district of London 
known by this name. 

After all, the best thing is prevention, and the way 


to secure this is to use the best materials, and to 
build them in the best way; and it is only in the 
case of walls already built that curatives, or so-called 
curatives, are to be used. But t^ere are some walls 
so bad that they never will be cured, except in the 
fashion of curing a bad leg by cutting it off— that 
is, by pulling down the walls and putting up good 
sound ones ; in point of fact^ there are some houses 
so damp that they are not fitted for habitations for 
humans.” 

We believe that under more enlightened views as 
to what sanitation is, and how it should be carried out, 
the day will come when a damp house will be looked 
upon as no less a nuisance than some nuisances 
are now looked upon. There are hundreds of damp 
houses now existing throughout the kingdom, which 
are as surely killing their inhabitants, or rendering 
their lives unhealthy, as any houses in which there 
is a condition of defective or thoroughly neglected 
drainage or sewerage, or overcrowding. A lodging- 
house — under the Act — is not allowed to be over- 
crowded; why should a thoroughly damp house be 
allowed to be inhabited I The answer is obvious: 
in the one case the effects of the evil are more im- 
mediate, more easily seen, and, we should say, more 
thoroughly and widely understood, than are those of 
the other — which are not seen or obvious, but on the 
contrary, as we have already said, so exceedingly 
insidious and occult, and we regret to have it to say, 
not at all thoroughly and widely understood even by 
medical and high sanitary authorities — that is, if we 
are to judge from the way in which the subject is 
considered and dealt with — or often, we should say, mi 
considered and not dealt with. Well would it be for 
thitee^vho are compelled to live in thoroughly damp 
houses if this condition of matters in relation to 
sanitaiy house construction did not exist amongst us, 
and to such a wide extent. 

House Drainage. 

In preceding paragraphs we have discussed the 
various points connected with the site of the house 
and the means necessary to be taken for the pre- 
vention of damp in the floors and walls — ^the 
importance of which points must not be overlooked 
or underestimated by those desirous to erect or to 
inhabit one or other of the various classes of domestic 
buildings, if the maintenance of health be considered 
' essential. We now proceed to the discussion of the 
important subject of house drainage and sewerage. 
This is generally considered to be the most important 
department of sanitary construction — one which t&kes 
precedence of all others. But while thoroughly esti- 
mating at the highest value its claims to consideration, 
it must not be overlooked that there are other depart- 
ments which claim attention. 
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THE BVILBIHO AHD THE XACHIHE 
DBAVOHTSMAH. 

CHAPTER XIX. 

At end of last chapter we illustrated a method of 
transferring distances from one line to another : this is 
further illustrated in fig. 5, Plate OCXI V., in which the 
diagram a may be taken to represent the plan of a build- 
iiig the outline of which is the Greek cross with equal 


the plan^ the elevation being given-^will be undeiv 
stood from what we have already given in connection 
with preceding figures. 

We have seen in preceding diagrams how the 
different views of the same object drawn in plane 
projection differ^ so to say, in appearance according 
to the point from which it is looked at; the 
points of the object giving the outline of it being 
projected, to use the technical language of the art, 



arms, and which is one example of finding the projection 
by elevation from plans, and vice verad, b is the projec- 
tion of the sides a b, c e/oi c the projection of the 
right-hand side of a, while n is the projection of the pai*t 
viewed from and at right angles to the arrow h ; and 
projected in a line ijf oblique to the base line which is 
parallel to the line k I IVom the points (in a) c, cf, e, 
ff q and draw at right angles to the oblique line 
or diagonal line c g ov k the lines c m, d e 
cutting the line k a, Kext, from the point A; as a 
centre, with km^ kn,ko, etc., describe arcs, cutting 
the line A; A; in the points u, v, etc., and from these 
draw lines at right angles to A: A?, as at i w, and make 
i w, j £c, equal to a' B (in b), and join wx: iw x' j is 
the projection of the plan of b in the side c g\ looking 
at it in the direction of the arrow h. Properly the 
lines, as i ic, xjy should have been in the line k x ; but 
as this would have confused the drawing by the lines 
mixing with those of b, we have transferred the line 
A; a; to ij. Another example of angular projection is 
given in fig. 6, Plate 00X17., which gives the pro- 
jection of a square prism in plan b and elevation a, 
the base being placed obliquely, as at o in fig. 2. 
Lines parallel to the base line 6 in a are drawn 
across from the points a, e, c, /, in b, to obtain the 
base a 0 6/, and the top ghij of the prism at n. 
Then from these points perpendiculars are drawn 
cutting the base of the prism kl^ which is placed at 
an angle of 30^ to the base Hne ” h d. The accented 
lettto in the elevation o show the projections of 
corresponding points in plan b and projection of plan 
in n. From a\ d,f and a\ on the line A A;, draw p^ 
pendiculars to ^ A;, as a' and make a' V equal to im 
height of the prism. The converse operation — finding . 


towards the eyes in straight and parallel linens. Thus 
let the line a 6, fig. 37, be a curved line in plan — that 
is, as seen when looked down upon at right angles to 
the surface of the paper on which the line is projected. 
To find the elevation of this as looked at in the 
direction of the arrow 1, \etcd be the base line of 
the projection of elevation. From point a draw at 
right angles \jo cd the Indefinite line cutting cd in 6. 
From 6 with elevation e a set off to/, cutting a cf in/. 



J 


Fig. 88. 

From /parallel to c cf draw an indefinite line/^ ; from 
point h of curved line draw parallel to a c / the line 
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h hf cuttmg/p in h : /h is the elevation of the curved plate having a defined thickness, as at n in fig. 54, the 
line a h, looked at in the direction of the arrow 1. elevation would be as at n. In the technical language 
Here we see the elevation of a curved to be simply a of mechanics a thinnish circular plate is called a disc, 
straight line ; so also in the example at ij in the same as at c ; and may be of varying thickness, but always 
diagram (37), the elevation of this curved line, when relatively thin. If the depth or thickness is increased, 

looked at in the direction of the arrow 2, being simply as at f, it is called a drum, and if the thickness is 

a straight line m n. In this the base line klis below so much increased in relation to the diameter of the 

the plan, but the method of finding the elevation is circle, we then use the term depth or height, and call 

the same as at a 5/A. the object a cylinder 



no. 

Again, when a circle is looked upon in plan as at In fig. 39 we give different views of a cylinder, 
A in fig. 38, in the direction of the arrow a, the the plan of end of which — both ends being obviously 
projection at b b is the same ; how this projection is alike— is shown at abed. The elevation of this, as 
obtained the reader has had already explained in seen in looking at the plan ahedm the direction of 



I Fig. 40. 


preceding paragraphs. But if the circle be looked at the arrow 1, is simply a rectangle, as efgh, the dis- 
in the direction at right angles to d b' in a, the pro- tance e f being equal to the height of the cylinder, the 
jection obtained is no longer a curved, but simply distance e A equal to the diameter ab ox cd oi the 
a straight line shown at upper side of a. If the circle in plan, the lines being carried down from 
circle a a was a mere plane surface in plan, the ele- which give the lines e/, ghoi the elevation* Looked 
vation would be aline having length only, not depth or at as thus projected, with all its lines of equal thick- 
breadth* But if the circle represented a flat circular ne»9, the elevation might represent a mere fiat surface, 
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and it could not be said whether it was a projection 
from or a part sunk into the general surface \ by giving 
the lines ijfjh thicker (see preceding diagram on 
sliading), we should then know that it projected; 
but the outline efgh could only be known to be a 
cylinder by being shaded as 2 X I m, n 0 , If the 
cylinder in plan at abed was locked at in the direc- 
tion of the arrow 2, it might be an elevation precisely 
the same Bse/gh, but in p it is shown as lying on its 
side. At ^ r « Ht is shown as tilted up, the base q t, 
coiTOsponding to / being oblique to the base Hne. 
In this position, which is technically called ** canted,** 
if the cylinder be looked down upon in the direction 
of the arrow 3, the end has no longer the appearance 
of a circle, as the end e h of the cylinder efghy but is 
an ellipse, the shape of which— that is, the length of 


elevation; but when in plan, as seen when looked 
down upon, as in the direction of the arrow 1, it is 
simply a circle, as at def , — this being bordered, so 
to say, by the lines projected from the points 6, 0 , in 
the direction of the arrows 2 and 3, parallel to the 
line of axis ac. If the cone were looked at in the 
direction of the arrow 4 the plan would be a circle, 
just os at c? e/. If the cone were cut by a line parallel 
to its base, as at if looked down upon in the 
direction of the arrow 5 the plan would be as at 
ijf the outer circle being the same as at de/; and 
the inner ij^ showing the cut top at p A in elevation, 
would be obtained by projecting the points g, A, by lines 
parallel to the line of axis I k, to the points i,j, cutting 
any line, as iff parallel to the base be of the cone. 
If the cone was out by a line m n, oblique to its base 



Fig. 41. 


its major and minor axes (see ‘‘The Geometrical 
Draughtsman *’) — varies in proportion to the obliquity 
of the line tq to the base line of the pi*ojection. Again, 
if the end of the cylinder, as te v, be not parallel to the 
other end or base w x, but oblique to the height, as 
xVf then, if the cylinder so cut by a line oblique to 
its axis be looked at in the direction of the arrow 3, 
the line is no longer a circle, as at a 6 c d, but an ellipse ; 
so also is it when the cylinder thus cut by an oblique 
Hne is looked at in the direction of the arrow 4. The 
nfethod of projecting a “canted cylinder,” as at 
qr 8 tf and one cut by a line obHque to its axis, as 
at uwxv, will be shown presently in succeeding 
illustrations. 

The subject now uuder consideration, the di^ent 
views at different points, is further illustrated in the 
case of the cone, as a & c, ffg. 40» This is shown in 


op — if this elevation omnh was looked down upon 
in the direction of the arrow 6, the plan of top would 
no longer be a circle, as at ty, but an ellipse, as at 
the general plan of the whole cone being as at yr. 
If the face mn of this cut cone was looked upon in 
the direction of the arrow 7, it would show the 
appearance of an ellipse, as at t. These two diagrams, 
ffgs. 39 and 40, give the basis of an important series 
of constructions nutde useful to the mechanic and the 
builder in the preparation of working drawings. Some 
of those will form the subjects of succeeding para- 
graphs in these important departments. 

Li fig. 41 we give at aho the elevation of a 
pyramid, the plan of which is at efg. If the base 
be placed obliquely to the base line of projection of 
elevation, showing a plan as at A, the elevation will 
be as in A. 
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WOEK IK THE COKBTEUCTION OP THE FlOUBES 

AND Problems op Plane Geometry, Useful in 
Technical Work. 

CHAPTER XII. 

Figursf of Tliree Sidei^-TrUnglei. Terms, Deflnitioiis, and 
Points oonneoted with the Figure or Borfsoe. 

Thebe ‘ are three kinds of triangle, defined by the 
relation of their sides. The equilateral triangle has 
its three sides equal ; the isosceles triangle has only 
two sides equal ; and in the scalene triangle the three 
sides are unequal. 

In every triangle the largest side is always opposite 
to the greatest angle, and conversely ; that is to say, 
the largest side and the greatest angle are always 
opposite one another. 

With reference to their angles, we divide triangles 
into three kinds: the rectangular triangle, or that 
which has a right angle ; the obtuse-angled, or tliat 
which has an obtuse angle ; and the acute-angular 
triangle, one in which ail the angles are acute. 



Mg. 68. 

The sum of the three angles of any triangle 
whatever is equal to that of two right angles, and 
consequently ISO”. From this attribute or charac- 
teristic we draw the following conclusions : — First, 
that when we know the two angles of a triangle we 
can always find the third by subtracting the sum of 
the two from that of two right angles, or 180°. 
Secondly, that there can be only one right angle in a 
triangle, for there only remains for the two others 
the 90°; the three taking up, as we have said, 180°. 
Thirdly, that the two acute angles of the rectangular 
triangle are together equal to 90°, and are, con- 
sequently, the complements of each other. And; 
fourthly, we conclude that there can only be one 
obtuse angle in a triangle, since there remains for the 
two others only a number of degrees less than 90. 

We take, as base of a triangle, one or other of its 
Bides, as a 6, fig. 63, and the height a d the per- 
pendicular line on this base or on its prolongation, 
os a d dropped from the summit o of the opposite 


angle to the point d. The line in a right-angled 
triangle as a 6, fig. 69, or c 6, fig. 63, is called the 
“ hypothenuse.*' The measurement of the surface of 
the triangle is obtained by taking the half of the 
product of its base by its height. Then, all the tri- 
angles which have the same base and the same height 
have the same surface. 



To Bdioribe, Conitniot, or Draw an Equilateral Triangle. 

The equilateral tiiangle is, at the same time, equi- 
angular, and consequently it is the regular polygon 
of three sides. To construct the equilateral triangle, 
it is necessary to know the length of its side. Bmw, 
first, a straight line equal to its length, as a fig. 64 ; 
from its two extremities, as a and 6, as centres, and 
with a radius equal to this same line or side, a 6, de- 
scribe two arcs which intersect in the point c ; join their 
point of intersection c to the extremities, a, ,6, of the 
side a h already drawn : this completes the construc- 
tion of the equilateral triangle. 



Fig. 65. 

' To luseribo an SquHsteral Triangle in a given Oirole. 

We have already said that every regular polygon 
can be inscribed in a circle ; we proceed now to show 
how the equilateral triangle may be inscribed in a 
circle. 

From any point, as a, fig. 65, taken on the circum- 
ference of the circle as centre, and with the radius 
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itself of the circle, describe an arc which will cut it 
in two points, as at 6 and c : the straight line which 
will join these two points of intersection will be the 
side of the inscribed equilateral triangle. Each angle 
of the equilateral triangle is equal to 60°, or the half 
of one-third of the 360° in the whole circle. 

To Describe, Oonstmot, or Draw the Isosceles Triangle. 

We have said that the isosceles triangle is one 
which has only two equal sides (fig. 66). The angles 


\ / 



Fig. CO. 

opposite to the equal sides are also equal. When the 
third bide is much larger than each of the two others, 
the isosceles triangle is then like the triangle a, fig. 66 ; 
it is this figure that is adopted for the roof trusses 
of buildings. To construct the isosceles triangle when 
we know its sides, draw as base the one side which 
is not equal to any of the two others, as a 6 in b, 



Fig. 67. 

fig* 66, from its two extremities a, b, as centre, and with 
a radius equal to the length of one of the two equal 
sides, as a r, 5 c, describe two arcs, intersecting in 
point c, and join their point c of intersection to the 
two extremities a, 5, of the first side drawn. 

To Describe, Conitruet, or Draw the Sealene Triangle. 

Tlie scalene triangle is one the three sides^f 
which are unequal, which makes the angles uneq^l, 
as in fig. 67. To construct this triangle, when we 


know the length of its sides, draw one of them, as 
a b; from its two extremities a and b as centres, 
and with radii respectively equal to each of the two 
other sides, as a c,h c, describe two arcs intersecting 
in the point c ; from their point of intersection o to 
the extremities a, b, of the first side, draw lines, and 
the desired scalene triangle is described. 

To Coxutract or Draw a Bight-Axiglod Triangle. 

The right-angled triangle is one which has a right 
angle, as in fig. 68. In this angle the side a c (b c) is 
called the “ hypothenuse,'^ this side being opposite 
to the right angle b in a, and a in b, and which is 
always the largest, since it is opposite the largest 
angle. When the two sides which form the right 
angle are equal, os in the triangle a, the triangle is 
at the same time an ** isosceles,*' and the two acute 
angles are equal one to the other, and each equal to 
the half of a right angle, or 45°. 



To construct an isosceles right-angled triangle, it 
is sufficient to have one of the two equal sides, and 
after having drawn a right angle, as a 6 c in A, fig. C8, 
and having given to its sides the given length, the 
triangle is described by joining the extremities of 
these two sides, as a 5, 5 c, by drawing a third line 
v/hich will be the hypothenuse, as a c. If the two 
sides which form the right angle are unequal, as a 5, 
a Cf in B, fig. 68, we give to each its proper length, 
and join their extremities, as c and 5, by the hypo- 
thenuse c 6. Another case is that in which we 
may only know the length of the hypothenuse, as 6 c, 
and one of the sides forming the right angle, as at 
a b. In this case, to describe the triangle, having 
drawn the right angle a 5 c, and given to one of the 
sides the given length, as a 5, from the extremity of 
this side, as the part a in a, fig. 68, and with a radius 
equal to the length of the hypothenuse a c, describe 
an arc which will cut the second side, as h c, of the 
right angle in the point c. The point e of intersection 
will be the extremity of the second side, which must 
be joined to that of the first to form the triangle 1^ 
the line c a. 
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OSS FACTOBT OB KILL EAHS AS A 
TECmnCAL WOBKEB. 

Thb Oeganisation, Qekebal Duties, and Special 

WOBK OF THE 8TAFP OP FACTORIES FOB THE PRODUC- 
TION OF Spun and Woven Goods— that is, ‘‘Yarn*’ 
AND “Cloth”— AND those chiefly in Cotton and 
Wool— General Description of the Various Pro- 
cesses OF Manufacture. 

CHAPTER XI. 

In our description of the drawing frame given at 
the end of the last chapter, we stated that the upper 
rollers, a, h, c (see fig. 9, p. 148), are covered with 
leather, the lower rollers being grooved or fluted, 
as di e, f. The upper rollers extend the length of the 
heads; they are also covered on the upper part by 
the saddles v and w?, which are pressed down by 
weights. The doubled band goes through the funnel/, 
fig. 8, and the taking-off rollers g, into the coiling 
“ can ” /i. Tliis contrivance, already partly described 
when considering the “carding engine,” which has for 
several years been almost univorsfilly used, is for the 
purpo^ of putting as much cotton as possible into the 
cylinder by equal pressure, and by coiling it evenly. 
A driving strnp and toothed-wheel arrangements 
convey the motion to the taking-off rollers. These 
rollers take the bund through an eccentric opening 
in a spiral disc, into the pot, whilst both parts are 
made to revolve by toothed wheels. The spiral coils 
of sliver have the diameter of the cylinder for their 
diameter, and as more cotton keeps coming into it, the 
pressure is increased. The machine is also fitted with 
a self' stopping, motion placed before the rollers, and 
in newer ones also after them, so that if one of the 
bands breaks, the machine stops at once of its own 
accord. 

For a long time endeavours have been made to get the 
greatest possible length of sliver into the coilirg can, 
so that, having to change cans less frequently, much 
labour is spared. But the description of the newest 
inventions would take up too much space. 

The Management of the Drawing Frooeis and the Drawing 
Frame. 

The top rollers of the drawing frame being 
covered with leather, dust or sand is liable to injure 
them, and to such an extent as would prove most 
detrimental to them for the work they have to per- 
form. The drawing frame derives its name from 
the lengthening, extending, or drawing out of the 
fibres of the cotton by an arrangement of rollers. 
If a sliver is to pass through them, say six inches 
long when it enters the rollers, w^hen it is delivered 
(f.6. passed through the rollers) it is about six times 
as long (thirty-six inches). The object of this drawing 
frame is, however, not simply that of lengthening the 


sliver, but also of equalising it. We shall now give a 
general description of its arrangement. The drawing 
frame in its mechanism is simple ; the framework is 
also simple, but of a substantial character. It needs 
to be so, from the fact that the working parts of it 
are at the top of the frame. Our readers, we hope, 
will well consider the matter of regulating machinery 
according to the part where the working of it is 
distributed. Thinking out the principle of leverage 
will prevent us from making many mistakes. The 
first driving shaft is fixed at the lower paii; of the 
frame, as near to the floor as may be convenient, and 
the shaft runs the whole length of the frame. The 
frame varies in length according to the requirements 
of the user — t.e., the amount of work which it is 
necessary should be produced. The drawing frame is 
divided into wliat are called “ beads,” some having 
three, others having four heads. Each head is 
divided into “ deliveries.” These terms give to 
the experienced man the size or capacity or amount 
of work the frames are capable of performing. 
We now define the various parts of this machine 
under the heads as referred to. We have said that 
the drawing frame is composed of three heads — that 
is, the length of it is divided into three equal parts, 
and eiich part of it is perfect of itself doing the same 
work a-s the neighbour heads. Each head has its own 
separate driving, and can be set to work or can be 
stopped independently of the other heads which are 
in the same frame. The driving shaft is, as we 
described, the length of the frame, and from this 
shaft each head is driven separately. When any 
breakages take place in any one of the heads, the 
other heads go on working as usual, but as one part 
of the frame depends upon the other for its woik, it 
iJS expedient that all parts be kept at woik. It is* 
necessary that the fmme should be so divided, on 
account of the system through which the processes 
require to go, so as to have the convenience of passing 
from the first head to the second head, and so on to- 
the third. This arrangement is commonly preferred 
in medium and fine spinning mills. But in coarse 
spinning mills each head is a separate one of itself, 
and is driven separately. The amount of work which 
must be passed through is enormous. Where an 
arrangement for such work is required, they stand 
like the fingers on our hands when placed fiat upon 
a table : as a comparison, the first passing through 

the first finger, and the slivers dropping into a can, a 
series of cans are placed up to the second finger, pass- 
ing through that, and then through the third in like 
manner. The female who attends to this frame has 
only to turn round from one to the other, to remove 
the drawn cotton, which is delivered into cans, in 
order that the slivers can be protected from any 
entanglement, and also for the convenience of being 
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carried from one place to another by the tentei*. 
Such frames are termed single-headed drawings,” 
Each of these heads is divided into two, three, four, 
five, or six deliveries. What is meant by the he;xds 
will now be well understood, and we therefore now 
pass on to the subdivisions of the heads, which are 
called “ deliveries.”* 

^‘Belivariw.” 

In all ** drawings ” the general rule is to run six ends 
through at the back part of the head,^and they come 
out as one, being ell put together : this is known as 
a delivery.” Each head, as we have said before, has 
its deliveries — maybe two, three, four, or more. The 
process of running the slivers through three or more 
heads has two objects. The first is to obtain paral- 
lelism of the fibres. This is of such importance 
that good yam or thread cannot ba made unless 
the fibres are lying side by side ; for in this way 
they are so well arranged for twisting that stronger 
thread is produced. Nor is it only that a stronger 
thread is produced, but that it is much smoother, 
and thus more satisfactory when offered in the 
market. Were it not for this system of doubling 
and re-doubling to the extent of many thousands 
of doublings, and also the re-drawings, the fibres 
would lie in various directions, certainly far from 
parallel with each other. But by this continual 
drawing of the sliver, they are made to lie all in the 
same direction, and the result is worth all the labour 
and extra expense bestowed upon the working. The 
drawing frame has also another important duty to 
perform, and that is to bring about more evenness 
of sliver, and thus of the finished thread. Those 
accustomed to weigh the sliver as it loaves the 
carding engine are fully aware that by taking two 
yards in length each from half a dozen cards, the 
probability is that not more than two would be the 
same weight. Long practice in this particular 
convinces the experienced man that something must 
be done to equalise th^ slivers, so that as they advance 
in the process of doubling, more evenness in their 
fibres ii obtained. Hence the value of the drawing 
frame. Six slivers are put up behind the frame, and 
on the opposite side it terminates in one ; and then six 
of those are put behind another head, and they also 
terminate in one end; and so with the third head. 
This putting up of a series of slivers together in this 
manner intermixes the thick and thin ones, and 
the even ones come also in amongst them, not by any 
means to the detriment of the irregular fibres. This, 
it will be‘ observed, is why so much doubling is 
requisite in the preparing of cotton thread. It makes 
the thread more level, and thus stronger. It is, as 
we have said, a very important machine, thouglyjhe 
sliver as it leaves the last head, is just the same tmek- 
ness as it was when it left the carding engine, notwith- 


standing it has been doubled three times over, with 
six ends at each time. 

The Boilers —Their Importaaoe-^Praotioel Betalh eon- 
nested with them. 

We shall now describe the roller part — i.e., the part 
of the drawing frame where the whole of the slivers 
are os they come from the carding engine, and are 
taken to it to pass through the rollers. Six cans full 
of sliver are taken to the drawing frame from the 
carding engine, and six slivers are then put up to the 
rollers to be drawn. The rollers are in number eight 
— t.e., four under rollers (iron fiuted), and four top 
rollers also of iron, but covered with a good close, 
firm cloth, made for the purpose, called “roller 
cloth.” This is secured by first painting the 
roller, and when dry applying glue of a pafticularly 
tenacious character, to hold the cloth firm upon 
it. It is then covered with leather, sheep or lamb 
skin, which is prepared for the purpose. This being 
put tight on the woollen cloth, makes a very smooth 
surface. Nothing less than a smooth surface can be 
used for the purpose, as fibres of cotton are so subject 
to “ lick,” that is, adhere to the roller, and thu§ cause 
the sliver to run round it, and so make considerable 
waste, besides disarranging the sliver as it passes 
through. The top rollers run on the top of the 
others (the bottom rollers). The latter are driven 
by tooth and pinion, but the top rollers by friction 
from the bottom rollers. In order that the top 
rollers should be driven with certainty — i.e., at a 
rate uniform with that of the bottom rollers — weights 
are attached to them, which cause the top leather 
rollers to move at the same velocity as that of the 
bottom rollers ; the weights at each end of the roller 
shaft are suspended by links, which, as the term is 
often used in cotton mills, is for the purpose of 
making them “bite.” This being done, the cotton 
slivers are put between the rollers. When the cotton 
has just passed between the rollers, attention is re- 
quired to be given to a very important matter — 
i,e.y to ascertain if the rollers are at a proper distance 
from each other — and this is seen in a moment by a 
practical man. If they are not fixed at the proper 
distance for drawing, where a long draught is required, 
it is shown in two ways. First, if the rollers where 
the long draught is— t.c., the two front rollers (called 
front when the drawing is finished)— are too far 
apart, the sliver will be unevenly di-awn, having thick 
and thin places ; this must be avoided in the drawing 
frame, or else the finished yarn will be much deterio- 
rated in spinning value. Neglect in the working of 
this frame can never be fully repaired, although the 
sliver may come in contact with comparatively perfect 
drawing in all the other frames which follow — i.e., the 
“dubbing,” the “intermediate” (often termed the second 
slabbing), the “ roving ” and “ finishing Jack ” frame. 
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TSS TECHNICAL STUEENTS IKTBODUCTIOH TO MECHAHICS, 


XSB IBC9HICAI:. BTUmSSTB HTTEOBITOTIOH 
TO THE eSKBBAL TBZirOZPZ.ES OF 
MEoauurzos. 

LiiWfi AFFSIOTINa Natvbal Phskomska^Matteb and 
Motion. 

CHAPTEH XXV. 

In treating of action and reaction, at the end of 
preceding chapter, we noticed the phenomena attend* 
ant npon the throwing of a ball against a meurble slab 
wetted on its surface, as exemplifying retarded motion 
through the action of repulsion. The flattening of the 
ball is the result of the compression of its particles, 
and this in proportion to the force with which it 
was propelled against the marble surface ; and as this 
compressibn is proceeding, the repulsion of the particles 
of the ball increasing lessens gradually the motion of 
the ball in the direction of the force which propelled 
it, till it ultimately assumes a state of rest. The con- 
dition is now changed at this point, and we have in it 



Fig, 20. 


an example of accelerated motion ” from the force of 
repulsion — for the two bodies are at their point of 
contact at the time above noticed in this highest 
degree or state of compression, acting or reacting on 
the ball — which projects it from the surface of the slab 
or back again in the same line of direction in which the 
force originally propelled or dashed the ball against 
the marble. We have in this accelerated return 
motion an example of the “ recoil " or rebound of 
the ball from the marble. We can perceive that 
before the reaction or return motion takes place a 
certain time must elapse — ^that is, from the time the ball 
strikes to the time that its former motion is so retarded 
by repulsion that it stops. Now, the time taken in 
this process which is represented practically by that of 
the ball in resuming its form, is clearly the measui*e of 
ita elasticity ; and the same holds true of all substances 
which ate more or less elastic: the more elastic they 
are the quicker is the time in which they return 
ie their originai form; or, what is the same, the 
m. m. 


more quickly is their ** rebound ” or << recoil ” made, 
and the greater is the extent or range of that in pro- 
portion to the force. It is this change in the form or 
the condition or position of the particles of a body 
which commences when it is put in forcible contact 
with another body that brings into play its own essen- 
tial or inherent force of elasticity, which acts in direct 
opposition to the force which gives the contact or 
causes the concussion. The same phenomena, 
although expressed or shown in diflerent waj^ are 
illustrated by two or more elastic bodies in motion. 
Thus, if two ivory balls are propelled along a smooth 
and level surface with equal velocities and having 
equal masses, when they meet in the direction of their 
line of centres they will rebound or recoil from each 
other with the same velocity. In this case reaction 
and action are precisely equal. The same will be the 
case if the balls, though of same mass, meet each 
other or come into collision with different velocities 
or speeds : the recoil will be at diflerent, but with 
exchanged velocities — that is, the ball which had 
the quickest speed at iirst will have the slowest 
speed in the recoil motion, and vice vered. But 
action and reaction are still equal ; for the accelerated 
motion of repulsion which comes into play when the 
retarded motion ceases — that is, when the inherent 
elastic force of the ball acts — will make the ball 
recoil in the same proportion. Hence it is that if 
there be an ivory or other perfectly elastic ball at 
rest upon a smooth level surface, and another ball of 
equal mass is propelled so that it comes in collision 
with the stationary ball in the direction of their line of 
centres, the stationary ball will dart or start oiF in the 
saiNe direction as that of the striking ball, and with 
theiA^same velocity which tliis possessed, while this 
in its turn loses its motion and comes to rest. In this 
transfer of motion x*eaction and action are precisely 
equal, for the force of reaction of the stationary ball 
acting in the way above explained in bringing the 
primary ivory ball to a state of rest — that is, annihi- 
lating its speed or motion — is the same as the force of 
action of the primary moving hall which gives the 
speed or motion to the ball which at first was sta- 
tionary or at rest. This transference of motion from 
one elastic body to another, and which further illus- 
trates the law of action and reaction equal and 
opposite, is seen in a row of balls which are in con- 
*tact with each other and on a smooth and level 

surfa6e. If the ball nearest the source of force or 
power be struck by a ball propelled by that power in 
the same time as the line of centres of the stationary 
balls, the striking ball has its own motion arrested, or 
rather it is transferred to the fliat stationary ball ; this 
ti’ansfers it to the secoSid, and so on, till it is taken 
up by the last baD, which then darts or starts ofif in 
the same dilution and with the same speed as the 

17 
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striking ball. If two balls ooming in contact were of 
a perfectly non* elastic substance, there would, when the 
velocities and masses were equal, be no rebound orreooil, 
and therefore no motion, which would be destroyed, 
so that in coming into collision both would be at rest. 
While there is action thwe is no reaction, foi^ there is 
no retarding force of repulsion causing a change in 
compression in the particles, so that there is no 
accelerating force or resumption of the parts, which 
would otherwise be experienced; and it is only by 
this inward change in bodies that their elastic force 
is measured, for if there is no change there is no 
elasticity. But, as we have said, there are no abso- 
lutely non-elastic bodies, so that we have many sub- 
stances which, though not classed as perfectly elastic 
bodies, display the phenomena of elasticity to a 
greater or loss degree. This elasticity in bodies 
coming or brought into contact with each other may 
be looked upon in the light of a spring placed between 
the two, which is capable of acting in two and fh 
opposite directions. The reader will be able to under- 
stand the action if he supposes a spring to be connected 
with and pi“ojecting from a fixed and firm surface, as 
a wall, and to be of such a strength that he can press 
it inwards with but a moderate degree of strength 
of arm. As he continues to press inwards, he finds 
the speed — so to call it — get gradually slower and 
slower : this is the reduction of motion by the force of 
repulsion in the spring. But if, on reaching the point 
beyond which his strength in compressing .the spring 
fails, he releases his muscular pressure upon the 
spring, he finds that its motion outwards increases 
very fast : this is the acceleration of motion arising 
from repulsion. We suppose in this case the spring 
to be very sensitive and acting through a wide range. 
A watch -spnng is a good example : it takes a long time 
comparatively to wind up, so to say, or compress it 
into its spiral form, but on its being released by the 
fingers it springs outwards to its own condition almost 
instantaneously. If two springs attached to two 
bodies be brought into contact, and a force of some 
kind presses the bodies together, the spring will be 
compressed with a gradually retarding motion; and 
when the force is released or ceases to be exerted 
the springs will be, so to say, suspended in their 
forward movement, and the two bodies will then 
move away from each other. A very simple yet 
effective illustration of elUsticity, as being as it were 
springs between the bodies, is obtained by holding 
two balls of vulcanised indiarubber between the 
thumb and finger and alternately C/Ompressing and 
releasing them, when they will alternately* go towards 
and move from each other. 0 

Spriagineit wt HaiAloitr ia Bodiet. 

This springiness or elasticity in bodies it is which, 
in virtue of the. law we have explained, afibots 


work done when bodies are to be forced into and 
through other bodies or be brok^ up or smashed. 
The more closely the bodies approach the condition of 
perfect elasticity — ^in the conventional sense of the term 
— the more difficult it is to break them up ; and, if 
not only the body to be broken, but an instrument or 
implement by which the breaking is to be done, be 
elastic, the breaking up will be a matter of some diffi- 
culty. If both are equally hard, and as nearly aa 
possible approaching the condition of absolute or per- 
fect hardness, the result will be, possibly, that the 
smashing up of the two bodies — although in certain 
conditions the motion or force would, be so to say, 
counterbalanced, as in the case of the two meeting balls 
already explained — being absorbed, so to say, or taken 
up equally by the two bodies, but not given out by 
them, as they are destitute of elasticity. In the driving 
in of a timber stake into the soil, progression or 
downward movement is due partly to the elasticity of 
the timber, and partly to a certain degree of elasticity 
in the hammer; if both were absolutely hard and 
inelastic there would be no descent of the stake into 
the ground. For points connected with the work of 
of ‘‘striking’^ see paragraphs on the subjects of 
centres of gravity and centres of percussion. 

Beooil or Beboand of Bodiea. 

We have seen that an elastic body or an ivory ball 
striking against a marble slab or an elastic surface 
recoils or rebounds from the surface, and the speed or 
velocity with which it does so is the same as that which 
it possessed at the instant of striking the surface. If 
the reader has traced the law of retarded and accele- 
rated motion of repulsion as we have explained it he 
will have no difficulty in seeing this. The rebound or 
recoil of the ball or body from the surface is in the 
same line of direction as that exerted by the force. 
Thus, if the ball a, fig. 21, is made to strike the sur« 
face 6 6 by a force acting in the direction of arrow o, at 
right angles to 6 b, the ball recoils or rebounds in 
the opposite direction, as shown at c, in order to 
avoid confusion with point cf, but the direction of 
its path, e /, is the same as that of c d — that is, at 
right angles to b h — and takes the ball to g. Bfit if 
the direction 6f the force acting upon the ball h be not, 
as before, from m to but at an angle to this, as in 
the direction of the arrow A, the ball i on striking the 
surface at^ does not, as some at first sight might sup- 
pose it would, return to the point h in the same direct 
line j i, but it recoils or rebounds from the surface j 
in the direction j A;, and reaches I, the line j I being in 
relation to the line i j identical with the line j I — 
that is, the angle of the force line hj is equal to the 
angle of recoil line j h The usual form in which 
this law of reflected bodies is expresi^ is that 
the angle of incidence (as ^ j) is equal to the angte 
of reflection (J 2), The term " incidence,’* heie need 
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to dttioto the m which tho force acts whksh 
proptls the haU or body, is derived from the LAtiii 
word mcidusy and this from two Latin words, in, and 
mder^ to fall. A ray of light, for example, is said to 
fall apon a reflecting surface. In common language, 
the ball t in fig. 21 would not be said to fall upon tho 
surf^ j in the same sense as the ball a falls upon 
h 5, the distance a d being the extent of drop, but i 
is said to be “ driven up ” against j in the direction of 
i j, thus conveying the idea that force is applied, and 
not merely that of gravity, as in the case of a ball a. 
So ttiat the popular expression is more accurate than 
the scientific one of incidence. The angle of “ pro- 
jection ” would be a more accurate term, and would 
convey the idea of a force being employed, as that of 
the act of throwing,” the term “ projection ” being 
derived from the Latin projicere, projectum, and these 
from pro, for or from, and jacere, to throw from, or 



cast out. The meaning of tho term projectile is thus 
clearly indicated by the derivation ; and hence also, we 
think, the greater accuracy of the term ‘‘ angle of pro- 
jection.” The term ** reflection,” in the other part of 
the definition o| the law regulating the striking of 
bodies upon surfaces, is derived from the Latin noun 
r^xio, and this from re, from, and Jlectere, to bend, 
which gives in the term reflection a very clear idea of 
the change of direction. 

Anglei of Xnoidoaoo and Befioetion E^oal. 

This law of the angles of incidence (projection) and 
reflection being always equal is that which governs 
the phenomena of all bodies reflected, not only gas or 
air, but water as in waves, or light and sound as in 
solid bodies or balls. Much if not all of the skill 
in billiard playing in its hi^^est ranges is displayed 
in taking advantage of this law, although there are 


players by the score who exemplify it in the most 
marvellous manner without the faintest conception 
that they are illustrating a very important law in 
physics. There are many who call it a scientific game 
who could not easily, if at all, explain on what scientific 
laws it depended. Every stroke illustrates a law : — 
In simple repulsion, if a ball is made to strike the 
ball 0 , fig. 21, with a blow or impact in the direction 
of the arrow n, one angle being equal to the other, 
and the ball, in place of driving o straight on, has 
to drive it in the direction of the arrow p, the stroke 
must be made in the direction of the arrow n, so that 
the angle at which the ball strikes the cushion at the 
point p — the angle o p — shall be equal to the angle 
p q, the ball rebounding from the cushion at point 
p and driving it along in the direction of p q. We 
have said that this law of angle of projection being 
equal to the angle of reflection governs the action 
of all reflected bodies — light, sound, water, and gaseous 
fcids or air alike ; and it is this which is taken 
advantage of in a great variety of ways by those 
engaged in the various departments of construction. 
The following example well illustrates the action of 
the law as regards air. We suppose a candle to be 
covered by a transparent shade, and placed so high 
that the attendant could not reach to blow the candle 
out, from the shade intervening; but if he held a 
piece of paper or thin board, or even placed his ex- 
tended palm in an angular direction, the blast of air 
from his mouth placed at a low level, although 
proceeding in such a direction that without the card 
it would pass far above and away from the candle, 
yet with the card is reflected from it in a direction 
su^ that it strikes the flame, and if the blast be 
strong enough extinguishes it — the angle of the 
blast of air passing upwards from the mouth to 
the card being equal to the angle of current of 
air from the card down through the opening of 
shade to the candle. Tliis principle is exemplified 
in a very practical way in much of the apparatus 
of the ventilating engineer. The majority of his 
appliances, by which be creates currents or assists 
those created in ventilating tubes, by what are 
known as “caps” or “cowls,” or more generally 
as “ventilators,” depend upon the nature of the 
deflecting (“ bending from ” — see derivation of word 
“reflection”) surfaces, as they ai*e termed, given to 
.them. The well-known engineer Tredgold was the first, 
many years ago, to show the value of deflecting surfaces 
in creating and assisting currents in ventilating tubes. 
Let us suppose a vertical tube or shaft up which a 
current of air represented by the arrow a, fig. 22, is 
issuing. The ascensional or rising force of this will be 
dependent per $e upon the diflTerence there is between 
the tempere.ture of the air within the tube and that 
of the external atmosphere. The higher this is in the 
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ourrentf the quicker is its ascent. But there maj be 
but a comparatively trifling difference between the 
temperatures of the air within and wi^out the tube 
shaft ; in which case the force represented by the 
velocity of the current within the tube may le very 
triflbg — ^not sufficient to withdraw its contents and 
deliver them to the external atmosphei'e at the upper 
part of the tube, as at 6, quickly enough for the pur- 



Pig. 22. 

pose required. Any external current, as a breeze ^f 
wind blowing across the mouth, as in the direction of 
the arrow c, by virtue of another law — that of friction 
or induction — “draws,*’ to use the popular expres- 
sion, a current of air along with it. So that the 
action of the horizontal current, as c, blowing across 
the mouth b of that shaft a, tends to draw, or, as 
popularly termed, “suck” the air out of the tube 
a, and thus tends to increase the velocity of the 
upward current in the shaft. But the wind or breeze, 
as it passes over the mouth h of the shaft, may be 
deflected, as at d, and blow down the shaft, and the 
force of the wind outside may be greater than the 
ascensional or upward curi'ent inside the tube ; so that 
its withdrawing or ventilating action will be reversed. 
By making the top with bevelled edges, as at e e, the 
air is not blown down the shaft, as at (f, but is deflected 
or bent upwards, as at /, and passing along by g across 
the open mouth, draws the air in it along, and thus 
aids the upward current in A, which may be naturally 
due to it. And if i represents the air entering the 
shaft at its lower part, it draws along with it currents, 
as from all sides. Tredgold’s ventilating cap is 
illustrated in diagram a &, flg. 23, o o being the deflecting 
edge, d d that of the upper part of cap, and which, in 
the form given below at o c, is of the same diameter as 
at the lower part of the shaft at a. A cap or cover, a, 
is supported by vertical rods at some distance above the 
mouth dy to prevent rain and snow descending the 
she*f t Of* The best form for this cap is cylindrical, giving 
a circular edge all round to the deflecting part d, 
Whmi the cap is of considerable height, and is made 
square, the sides are provided with deflecting plates, 
as at ^ A;, flg. 21. A most efficient cap with defliect|^ 
surfaces, as shown in horizontal section at /g g, fig, 23 : 
/is the orifice of shaft, the air ascending which passes 
out at the ride opening at g g, and in calm weather 


rises vertically and escapes at the top of the cap, 
but in windy and breezy weather, the air blowing 
as from k (arrow to the right) is deflected right and 
left by the angular shield at g g, and is blown through 
and out at the opposite ride. Angular shields, h and 
cover the opening g g at the ride, so that they are 
protected from winds blowing as from L In badly con- , 
structed shafts or chimneys the higher the wind blows 
the greater is the likelihood of down currents being, 
created in the shaft, as at d^ fig. 21 ; but in the case of 
a shaft the upper connection of which is provided with 
deflecting shields, as say at g g, hj, fig. 23, the fiercer 
the wind blows the more quickly is it deflected from 
the shields, and passing the surfaces, the more rapidly 
is the air withdrawn from the shaft — in other words, 
its ventilating power is increased. If the young reader 
made and fitted up a small model of such a cap, as 
at /g g, or as at a ft, fig. 23, he would learn some 
useful lessons on the value of deflecting surfaces. 
Every one knows how thb upper part of chimney 
stalks of factories are rendered still more unsightly 
than from lack of architectural effects they almost 
always are ; and- this extra nglkiess arises from the 
smoke blackened brickwork. In windy weather the 
smoke is beaten down, and may be seen clinging, so to 
say, to the chimney for a considerable distance down 
the shaft. This is almost certain to be the case if the 
chimney top be finished so that its upper surface is flat, 
aaatt in fig. 23 ; but by making the top with bevelled 
or sloping rides or edges, as at u w, the wind is deflected 
upwards and blown across and away from the chimney 
stalk. If this be carefully done, not only is the smoke 
prevented from being blown down and defacing the 
chimney stalk near the top, but the “ draught ” of the 
chimney stalk is greatly increased. Mr. Carmichael, 



Fig. 2d. 


in a very able paper on the “ Construction of Factory 
Chimneys,” read before the Society of Engineers of 
Scotland, amongst many points of great importance, 
pointed out the necessity of engineers paying more 
attention to the finishing of their caps or top^ 
than was generally paid. This port, indeed, may be 
said to be generally neglected, as a matter of no 
moment. 
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CHAPTER IX. 

Point of Pution of the Oro in tlio Blnit f umnoo. 

OoHSXDEBABLE diversity of opinion has existed as to 
what is the exact position of the point of fusion of the 
ore in the blast furnace. It is obvious that this must 
be largely a matter of conjecture, in common with 
other points connected with the action of the blast 
furnace. Its sides are not like those of a glafs case, 
through which the various actions and results can be 
seen and determined upon with accuracy. Neverthe- 
less, while we are kept from seeing what those actions 
are, it must be recollected that so accurately are the 
various stages of chemical combinations known by 
scientihc men, that of many, certainly of some of 
them, it can be predicted with safety that these 
results are so-and-so. Chemists know that certain 
combinations must in certain circumstances take place, 
but it does not follow that they can trace out or define 
the exact positions in time or space assumed by the 
substances as they form the combination. The very 
condition of the blast furnace points out, indeed, that 
there must be some points at which we can only guess 
or conjecture what is going on there. 

It was formerly the generally accepted opinion that 
fusion in the blast furnace should take place in the 
space in front of the tuylrts \ now, however, authori- 
ties on the subject seem to regard this view as entii’ely 
erroneous. The blast furnace may be considered as 
a fire supplied with fuel and ore by means of a 
perpendicular tube placed directly above the fire- 
place, the infusible fuel separating from ore and fiux 
and coming to the top. It seems more correct to 
represent the zone of fusion, not in the zone before 
the tuyhres^ but at a considerable height above them, 
and at a distance from the soles equal to half again 
as great as the distance above the tuyhrea. 

We see from the foregoing statements and diagram 
that when the ore has reached a certain point or zone 
in its downward course in the furnace, it becomes 
by the process of reduction a mass of what is called 
spongy iron. In the primitive methods of making 
iron elsewhere referred to in this paper, when the ores 
used were only of the richest, this spongy iron was 
very nearly iron in a state of purity, so that it could 
be and was withdrawn from the furnace then used — 
not the blast furnace as now used, which was the 
invention of a very much later date, coming down to 
our own times — as good malleable iron, and, as we have 
seen, sometimes st^l, although the fact that this was 
the actual product was not always and certainly known 
to them. But in the working of the modem blast 
such is the low percentage of metallic iron 


and such the high proportion of debasing consti- 
tuents or impurities, that the ore when it reaches 
the spongy stage of reduction is very far from being 
pure iron. 

Power of the Spongy Iron to take up Bobaidxif OoastitiiiBti of 
the Ore*— Phoiplionii. 

In this spongy state the iron is peculiarly active as 
an absorbing medium \ it takes up or absorbs, there- 
fore, while in this state, certain constituents, the 
majority of which are what are called by metallurgists 
debasing constituents, as tending to deteriorate, in 
proportion as they are present in it, the constructive 
or practical value of the iron ultimately obtained or 
withdrawn from the furnace. Of these debasing 
elements absorbed by the metal when it reaches 
that zone of the furnace in which we have seen that 
it becomes what is called spongy iron, the worst are 
the sulphur and the phosphorus. The last named of 
these two is present in some ores—as in those of the 
Cleveland district, already named — in such high pro- 
portion that the metal or iron produced from them 
stands by itself very low on the list of constructive 
irons. The presence of phosphorus brings about that 
condition in the metal which is very antagonistic to the 
constructive strength of iron and to the easy facility 
with which it m^ be worked when in the condition 
known as wrought iron. This quality given by the 
presence of phosphorus in wrought iron to the metaJ 
is known as “ cold short ” — that is, the chaiacteristic 
which tends to make the iron brittle when cold. It 
will be seen, therefore, that the presence of phosphorus 
in steel, more especially in those high qualities of it 
used for catting implements, is quite destructive of its 
utility for such purposes; hence the absolute necessity 
to gel rid of the phosphorus in steel used for cutting 
instruments. Phosphorus in iron constitutes also 
one of the greatest difBculties with which the steel 
maker has to contend. (See the series of papers 
entitled “The Steel Maker.”) For long its too 
abundant presence in the metals with which Mr. 
(now Sir Henry) Bessemer dealt in his first attempt 
to produce what is now known as “ mild steel,” baffled 
all his endeavours ; and such were the difflculties it 
presented to him that at one time it seemed but too 
certain that his process, with all its great promise, 
would add another to the long list of unsuccessful 
discoveries or inventions. 

The spongy iron, actiye as we have seen in its 
absorptive tendencies, takes up the phosphorus which 
is derived from one of the organic oonstituents of the 
ora “ The phosphoric acid,” says Mr. W. M, Williams, 
“of the phosphate of lime is dissociated and 
reduced, the lime probably combining with some of 
the silicic add and the phosphorus acting with the 
iron directly.*' All our fuels, or the majority at least 
of them, contain phosphates, as do by far the greater 
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proportion of ihs ores the iron master has at his 
command. The process of intense combustion going 
on in the interior of the blast furnace reduces these 
phosphates — ^the work done by the furnace being 
throughout one of what is technically called ‘^re- 
duction/’ and the whole of the resulting phosphorus 
is absorbed by the spongy iron. The properties of 
this debasing element present in the irons as pro- 
duced by the blast furnace, and from which, as we 
have seen, the two higher and ultimate forms of 
wrought iron and steel are produced, varies, as may 
be gathered from what wo have already given on the 
subject of ores, very much according to circumstances, 
being present in some ores to as high a proportion as 
3 per cent., down to as low as a mere “ trace,’* this 
term indicating that the amount or quality present is 
so small that no value which can be stated in figures 
is attachable to it. Phosphorus being* an element so 
productive of evil, as deteriorating or lowering the 
constructive value of iron, it is scarcely necessary to 
say that for long the endeavour of metallurgists, 
both practicians and chemists, to get rid of it, or to 
eliminate it from our ores, formed a most striking 
feature of the art and science of iron making. This 
desire was all the more intensified, and the endeavours 
made by metallurgists rendered all tl^e more earnest, 
when the new era of iron working commenced, under 
the auspices of Bessemer and Siemens, whose pro- 
cesses, by producing mild steel in such enormous 
quantities and with such ease as compared with the 
old methods, revolutionised the trade, as the reader 
will find fully detailed in the companion paper to this, 
entitled “ The Steel Maker.” For, as we have seen, 
the presence of phosphoinis in iron presented one of 
the greatest dificuHias in the new processes of steel 
making. How the difficulty was got over the reader 
will find explained in the paper on steel making above 
alluded to. But the method adopted did not in 
reality touch or at least bring about that elimination 
of the debasing element of phosphorus which, as we 
have just stated, was what metallurgists were so 
anxious to accomplish. This department of iron 
making progress will be found fully explained in 
*‘The Steel Maker”': suffice it here to say, that of 
all the methods proposed to dephosphorise and de- 
sulphurise iron ores, none has been so eminently 
successful in practice as that known from the name 
of the two discoverers or inventors as the “ Thomas- 
Oifehrist ” process. 

Aethm of the Spongy Iron in the Blast Bnrnaoo in taking np 
Bobaiing Ckmstitnonts Snlphnr. 

From the second term just used in connection with 
the dephosphorisation of iron the reader will perceive 
that sulphur is another and in some instances a 
seriously debasing constituent of iron. .The sulphur 
taken up or absorbed by the mass of spongy iron 


prei^nt in its none of the furnace is derived chiefly 
from the sulphur present in the iron pyrites in 
the fuel, and this even in the case of the highest 
class of coke. Sulphur is also derived from the bi- 
sulphide of iron, which is an imparity very generally 
met with in iron. The sulphur, however, can, as 
a debasing element, be largely reduced, or rather 
prevented from being absorbed by the spongy iron, by 
certain methods of blast furnace working, of which 
the chief feature is the use of the fiux in excess, and 
keeping the hardest of iron to the class known as the 
grey variety, and which is the best cast iron. The 
different classes of iron produced in the blast furnace 
will presently be given. The way in which kulphur 
acts as a debasing constituent in iron is by giving 
it a tendency — ^known os “ red short ” — to brittleness 
when red hot — that is, in the case of wrought iron, 
the condition in which the iron is when being forged 
or worked into the various forms used in the con- 
structive arts. This is evidently a serious defect ; and 
although by certain styles of blast furnace manage- 
ment much of the sulphur present in the metal can 
be eliminated, still the necessity for a more direct 
method of getting rid of it has caused jnany efforts 
to be made to secure it. The process of Thomas and 
Gilchrist aims at desulphurising as well as dephos- 
phorising iron ores, although possibly it is of more 
value from its latter characteristic than from the 
former. We thus see that these two debasing con- 
stituents give opposite characteristics to the metals. 

Action of the Spongy Irons in taking up Debasing Con- 
stitnents {oontinuedi—Bilioon and Manganese. 

In addition to the two debasing constituents of 
iron now named (phosphorus and sulphur) the spongy 
iron takes up or absorbs two othei*s — namely, silicon 
and manganese. These do not, however, rank so high 
as deteriorating elements as the phosphorus and the 
sulphur ; still they are debasing elements, and have 
therefore to be got rid of as much as possible. Of 
the two silicon is generally esteemed the worse in its 
effects ; but Dr. Siemens has shown that the presence 
of manganese in steel is productive of deteriorating in- 
fluences upon its constructive value. The silica in iron 
is derived from the various earthy impurities present in 
greater or less proportion in all iron ores; these earthy 
impurities are chiefly clay and quartz, present generally 
in the form of silicates. But these impurities aro 
also present in the fuel used for reduction, whether 
that be in the form of coal in its raw or natural 
state, or in that of coke in what may be called its 
manufactured condition. Now, these earthy impurities 
are fused or melted with such difficulty, even under 
the high temperature present in the blast furnace, 
that they are considered practically to be infusible. 
Hen|Pthe employment in the blast furnace of a 
materud^ which, by entering into combination with 
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ikB e$xiihj imptixiti69> changes them into substances 
which are capable of being smelted or made fusible 
to a considerable extent. This material is the 
flux,” which, as we have seen, is universally lime. 
The lime, combining with the earthy impurities — 
chiefly, as we have seen, clay and quartz — forms the 
silicate of lime and the silicate of alumina, these 
being fused into a species of ^^lime glass,” otherwise 
and popularly known as ‘‘slag.” The particles of 
the “ spongy iron,” at that zone of the blast furnace 
which we are now considering, take up mechanically, 
or become more or less coated or covered with this 
slag, or fusible and fused “glassy silicates.” And 
their silicic acid being more or less reduced by the 
high temperature present at the zone of the blast 
furnace at which the “ spongy iron ” is formed, a 
proportion, greater or less according to circumstances, 
of the “ silicon ” is absorbed by the iron, the silica 
being decomposed when in contact with iron. All 
iron ores do not contain “ manganese,” but many do ; 
and if any is present in the iron produced in the 
blast furnace, a portion of it will be absorbed by 
the spongy iron. 

We have so far traced the process of reduction of 
iron ores in the interior of the blast furnace ; and we 
have arrived at the result that, at a particular zone 
of the furnace, and which we have indicated in the 
-diagram in fig. 1, Plate OLXVII, and in connection 
with it have fully described, we obtain iron in a par- 
tially fused condition, and possessing such mechanical 
or physical characteristics as to give it the name of 
spongy iron.” But, so far from this being a pure 
metallic iron, it is an iron more or less debased by 
impurities, the ores used being, in practice, so far from 
pure oxides of iron, that they are mixed up with 
a variety of impurities, which are added to by those 
present also in the reducing agent — that is, the fuel, 
-coal or coke, as the case may be. In place, therefore, 
of having a mass of pure iron at the zone of the blast 
furnace now under consideration, we have, in fact, 
only an alloy, in which the percentage as well as the 
peculiarities of the alloying substances vaiy according 
to circumstances. This zone, at which the iron is 
found in the stage or condition of spongy iron, may be 
called the “ absorbing zone,” as it is here that the iron 
absorbs or takes up the constituents we have named 
— phosphorus, sulphur, silica, and manganese. Other 
ingredients or constituents, present in many ores, are 
a-lso taken up or absorbed by the iron ; but these are 
either in such minute quantities, or are not very 
powerful as debasing constituents tending much to 
deteriorate the value of the resulting iron, that 
metallurgists do not take them into account as a 
practical and general rule. The proportions or 
percentages of the constituents we have named. 


which are practically considered as the debasing con- 
stituents of the iron, vary much according to circum- 
stances. Thus, of phosphorus, the cast iron produced 
in the blast furnace may vary from what analysts 
call a “mere trace,” or “a trace,” up to as much 
as 3 percent,, and even more than this. Sulphur, 
as we have seen, may by the style of working the 
process of reduction in the blast furnace, be largely 
eliminated from the ore or metal, but maybe present 
up to as high a proportion as 1 per cent. As regards 
silica, it has this peculiarity — which distinguishes it 
from the other debasing constituents — that it often 
reaches a very high percentage indeed, os much as 
from one-sixth to nearly one-fifth of the mass. The 
average may be taken at from about 2 to nearly or 
even over 4 per cent. The propoition of manganese 
in iron varies very much, and is usually low. 

rartker Aeti<m of the Spongy Iron in the Blast Fnmaoe*— 
Carbon* 

But at the zone of spongy iron, or what we have 
called the absorbing zone of the blast furnace, another 
element is taken up by the spongy iron ; and this is 
an important one — namely, carbon. Tliis, however, is 
done in such a particular way that it has given rise 
to a term which indicates its characteristic — namely, 
“ carbon deposition.” This shows that it is not so 
much a process of absorption of the carbon by the 
spongy iron, but rather that it is mechanically placed 
or deposited upon the surface of the granules of the 
iron. This is, in fact, what is the result of the process ; 
although it is understood or held by authorities that 
some of the carbon is actually absorbed by or com- 
bines with the iron. This action or deposition of 
carbon upon the particles of the spongy iron, at the 
zdhej^f absorption, owes its disc^overy to the laborious 
and patient research of Mr. (now Sir I.) Lowthian 
Bell. We have already named this gentleman, whose 
reputation is world-wide, as the great authority on 
the action of the blast furnace, and to his elaborate 
series of papers on the subject, as published in the pages 
of the Journal of “The Iron and Steel Institute,” 
we have dii’ected the attention of the reader as to a 
mine from which can be extracted everything that is 
worth knowing in connection with this important 
department of practical metallurgy. This action or 
deposition of carbon is due to or arises from the 
principle of the “ dissociation ” of chemical compounds 
by the agency of high t^peratures, and is such that 
it gives to the oxide of iron — which, however, as 
shown by an eminent Continental chemist, must 
always have present with it protoxide of iron — the 
power of “ flitting up ” the carbonic oxide (present in 
such large volumes, as we have shown in a preceding 
paragraph on the interior of the blast furnace) into 
carbon and carbonic acid (2 CO ss C -f CO^). 
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CHAPTER XX. 

At the end of last chapter we stated that two 
oxen of the same Weed might show very different 
capacities for fattening-H3ne feeding slowly, the other 
quickly. Nor does the animal disposed to fatten 
quickly take always the largest axnount of food; 
for, just as we hnd amongst men, a stout man, who 
might be supposed naturally to require a large 
amount of food merely to keep up his frame, is found 
to take less food than a spare one, some animals 
would and do eat exceedingly large bulks of food, and 
yet never fatten. Again, while the individual animals 
of all breeds show different capacities for feeding, 
there are certain breeds the animals of which, as 
a rule, display opposite characteristics: this one is 
celebrated for its quickly fatting characteristics, as the 
shorthorn ; another is no less well known as one which 
will not fatten quickly, as the Kerry breed. This arises 
chiefly from what may be called the temperament of 
the breed — ^the shorthorn possessing that placidity 
which promotes, the Kerry that restlessness of temper 
which hinders fatting. Again, the age of an animal 
influences its fatting capacities. Further, the kind 
of the animal modifies the style of feeding and the 
character of the food. Thus, an ox designed for the 
butcher ^ obviously required to be fed upon different 
food’ than a cow designed to give milk in return for 
the food which is given to it. A horse requires, from 
its constitution no leas than the work it has to do, 
different food from that given to cattle. The age of 
the horse is also a point which influences or should 
influence the kind and quality of food given to it. 
Bulk is not required so much as nourishment : food 
rich in flesh-formers ought to be given, while that 
containing constituents for the formation of bone is 
also necessary. The formation of the frame and its 
filling up with sound firm flesh and muscle is what 
should be aimed at, not the formation of fat. 
FeonliarltiM sf inimals iBfluinoiiigthfir Fatting: OUauliAesi. 

And so on throughout the whole range of the 
practice of feeding of famv stock : it will be found 
that occasion is continually arising for the exercise 
of close observation, and a due and thoughtful con- 
^deration of all droumstances likely to influence the 
physical condition of the animals, as well as merely 
points connected with the foods themselves. This 
care of or attention to the animals involves oonsidera* 
tions otjber than those abeady named, and which 
have special reference to .the way in wUoh they are 


individually kept, as regards them health and those 
circumstances which are likely to affect it. The cattle 
feeder, although not possessed of great intelligence or 
given to much observation, would know almost intui- 
tively that it would be in vain to expect the animal to 
fatten if it was in a bad state of health. But to judge 
from a pretty wide series of examples one can meet 
with, it would appear id require a more than usually 
great degree of knowledge, and closer habits of obser- 
vation than many feeders seem to be possessed of, to 
perceive that the way in which stock are kept may 
and does greatly influence their health. So that it is 
perfectly correct to say, that with certain methods of 
keeping animals it is just as vain to expect good results 
in fatting as it is known to be when .they are obviously 
ill. What tends to make them ill should therefore 
be carefully avoided. 

Take, for instance, the influence which the physical 
condition externally of the body of an animal 
exercises upon its health. That the functions per- 
formed by the skin are of great importance in the 
physical economy of all animals, man included, would 
seem to be a fact universally known. Yet how 
differently but too many feeders judge in the matter 
of their animals is evidenced by the absolutely filthy 
way in which they keep them. This arises from the 
almost habitual practice of many feeders in neglecting 
to draw analogies in their practice from the condition 
and physical circumstances of man. Good feeders, on 
the contrary, know that their animals require to be 
kept as clean in their bodies as their children and 
themselves are in person. It is quite impossible for 
an animal to thrive if functions of the sldn are not 
allowed due development. This is best shown by the 
condition of its hide, or ** coat ” (to use the technical 
expression) ; this, indeed, as we have shown, affords one 
of the best tests to judge of the value of the animal 
as one of a certain breed, and if it be not present the 
animal will not be a thriving one. Cleanliness will 
not, of course, alone give the distinguishing marks 
which the coat of a pure-bred animal has, but it 
will improve the condition of the coat of a good 
animal ; and in all cases, no matter what the breed, or 
want of it, the health of the animal will be greatly 
benefited. Whei'e the hide or coat is left in a state 
of perpetual filth — ^for that is the word which de- 
signates its condition in too large a number of 
animals, with the ordure matted on in places — ^the 
functions of the skin will not be carried on as in a 
healthy animal they are carried on* To some it will 
seem an over-refinement in cattle feeding when we 
strongly recommend the coats of all fattening stock 
to be frequently and regularly brushed* We prefer 
a hard brush, not judging the usual horse 
currycomb to be well suited for the purpose, for 
the treatment while cleaning the coat should be 
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gentle* If f<o, the anijxial will show signs of gratification 
with the process — ^which evidences of physical pleasure 
oil true and good breeders will try to multiply. A 
well pleased animal, other things being equal, will be 
one more likely to thrive in a true paying sense than 
one which is wonied and irritated by cruelty and 
neglect. 

No fecd^ desirous of being considered a good and 
soientific one will for a moment tolerate the presence 
in his herd of an animal with its flanks, etc., covered 
with patches of hard matted dung. If by any chance 
dung gets upon the body of the animal it will at 
once be carefully and completely removed, and the 
bide and skin beneath it restored to the condition in 
which the healthy secretions can be carried on. But 
this remark points to another condition which greatly 
infiuences the question of all foods. We have said that 
a good feeder would remove all dung or dirt from the 
hide of his animals ; but this involves the notion that 
the dung or dirt was there, ii Now, a good feeder, 
knowing all the points of his art, would be saved 
the necessity of removing dung from the coats of his 
animals, for the simple reason that there would be no 
dung to get attached to them — that is, in the majority 
of instances, for occasions might arise when its pre- 
sence could not be avoided. We are now alluding 
to that style of fattening or feeding cattle known as 
the stall-fed or housing system. Cattle pasturing 
or grazing comes under another category. 

Oleanlineii in tlie Bnildingi TTied by Oattls. 

’ Good feeding on the stall-fed system requires there- 
fore perfect cleanliness of the buildings in which the 
animals are kept. If the reader has had any experi- 
ence of the style of farming carried out by the 
eminent breeders and feeders of cattle, or of celebrated 
dair3rmen, he must have observed with pleasure the 
perfect condition of cleanliness, not only of the 
animals themselves, but of their surroundings. We 
have been again and again in the stock-houses of 
eminent feeders, the condition of which as regards 
cleanliness almost justified the application of the 
saying ** so clean you might have dined off the floor,'' 
The necessity of cleanliness in the interior of the 
houses in which animals are kept is well known to 
all who are acquainted with the laws of health, and 
the hygiene of our domestic animals depends upon 
thb Same laws, with but few modifications, as that 
of the human family. If the ordure of the animals 
be allowed to lie for any length of time even in 
but small patches or in out-of-the-way corners, the 
place generally having the appearance of being cleanly 
kept, the organic emanations proceeding from it greatly 
deteriorate the air. Our best authorities agree that 
these organic emanations are even worse than the foul 
air. from breathing upon the h^th of the animals; 
although even the breath of anixnals is found con- 


taminated with organic matter. When, however, the 
air of cattle-houses is contaminated, if the animals 
ore subjected to this foul air habitually they display 
all the evidences of a low, unhealthy condition, under 
which no feeding, however good the materials may 
be, can be lucrative. On this subject of the air of 
cattle-houses, cognate to and influenced as it is by 
cleanliness, we need say no more here. 

Quality of the Feeding Stoilb given to Cattle an Important 
Element in Cattle Feeding. 

The feeding value of cattle-feeding stuffs is largely 
dependent upon their quality. If mixed with dele- 
terious substances great losses may result, as they 
have often resulted in practice. But while the 
farmer in this matter is thus largely at the mercy or 
honesty of those who supply him with foods, he may 
himself be the cause of daily mixing his foods with 
deleterious or deteriorating substances. This he will 
be sure to do if he employs vessels and appliances such 
as feeding^troughs and boilers in a condition of what 
may be called chronic filthiness. This term describes 
with not a whit of exaggeration the state in which 
feeding troughs are kept by many feeders and 
dairymen. We have §een feeding-troughs which had 
apparently never been cleaned out from the time 
they were first used ; and that from their appearance 
had been years before. Now, it is scarcely possible 
for such vessels to be used vdthout their exercising a 
prejudicial influence on the health of the animals. The 
organic matter in some places, as in comers thickly 
crusted over, is sure to be in a state of decay more or 
less offensive, and always exercising a bad influence on 
the fresh food put into the vessels. And the sense of 
Slidell and taste is much more acute in animals than 
gf^e them credit for, and their dislike also to food 
which possesses a smell or taste not in the food in 
its normal or natural condition. They eat, doubtless, 
what is given them, as with them it is Hobson’s choice 
— that or none ; but a feeder thoroughly acquainted 
with the technicalities of his trade will take care that 
the animals under his care are not compelled by their 
hunger to partake of food of which, if they had a 
choice between it and a better, they would not 
partake. Little more needs be said on this subject : 
its mere statement should have been sufficient; for 
it must be obvious, on even exceedingly slight 
consideration, that dirt pr decaying matter cannot 
, possibly be beneficial to health when in direct con- 
nection with food. Yet more special attention to the 
point has been deemed necessary, for it is only those 
who have much to do with the general mass of 
technical workers who know how difficult it is to 
persuade them of the evil results of certain methods 
of working which they have long been in the habit 
of practising. 
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CHAPTER XX. 

Rbfbebiko to the description of fig. 41 — the projection 
of a pyramid — begun in the lost paragraph of the pre- 
ceding chapter, the plan of the pyramid &t Imnop q 
is a hexagon, and the hexagonal pyramid is shown in 
elevation at r n' q', when the plan is looked at in the 
direction of the arrow 1. If the pyramid be cut by a 
line vWf parallel to its base t w, and the elevation be 
looked down upon in the direction of the arrow 2 , the 
plan will be as at a; As the cylinder and the cone 
are the bases of most important constructions in the 
preparation of working drawings, so is the pyramid— 
as also the prism — in the development of its surfaces. 
The application of this to working drawings will be 
hereafter shown; meanwhile we proceed to further 
illustrate the subject of projection of ono or two of 
the objects shown in figs, 39, 40, explaining some 
points which will hereafter be useful when we take 
up working drawings in various departments of 
practical construction in connection with architecture 
and engineering. 

The method of finding the lines of projection of a 
cone as cut by a line mn in fig. 40, oblique to its base 
c/?, is illustrated in fig. 1, Plate CLTI. Let bc5a 
be the frustoid of the cone, b c a the complete cone. 
Divide the line he into any number of equal parts, 
as in the points 1 , 2 , 3, 4, and 6 , and from point c 
draw any line c /. Then, from point c as a centre, 
with radii as c 5, c 4, etc., take over or transfer the 
points 6 , 4, etc,, to the line c /. At any convenient 
point, as < 7 , draw g 4, pamllel to the axis of the cone, 
as eh!, and from points 10, 9, 8 , etc., draw lines 
parallel to the base of cone ad, cutting the line gh 
in the points 11, 12, 13, etc. Continue the axis elf 
of the cone aed indefinitely, as to and at any 
convenient point in this continued line, as q, draw a lino 
parallel to the base b a of cone. From point q, with 
distance 4 ' a or 4 b, describe a circle Ir km, which .will 
be the outline of the cone in plan,’^ when the eleva- 
tion is looked down upon in the direction of the 
arrow 1 , and which will be the view of the outside 
part of the cone, of which the elevation is at B c A. 

To find the projection in plan of the sloping or 
angular face, h c, of the sone, as looked down upon 
in the direction of the same arrow 1 , proceed as 
follows. From the points 1, 2, etc., on the side he 
of frustoid of cone, draw parallel to the base a d the 
lines 1 16, 2 17, cutting the side 6 a of frustoid in 
the points 16 to 21 inclusive. Now, from the points 
on side 6 0 , as 1 , 2 , etc., and those on the side a 6 , as 
16, 17, eta, draw the ordinates or lines pfdradlel to the 
eE: the lines when extended wiU cut the line 


I q kin the points n, 0 , p, j, r, e, I, u, v, w, x and y* 
Then, from the point ^ as a centre, with q y as radius, 
describe an arc of a circle cutting the line Iq kin the 
point n. The point s is that obtained by the ordinate 
drawn from b in the elevation; here the distance an 
is that which is the major axis or transverse diameter 
of the ellipse, which forms the top of the frustoid on 
the line 6 c, seen as looked down upon in t^e direction 
of the arrow 1. To obtain the intermediate points 
of the ellipse in the plan proceed thus. From point 
g as a centre, with radius q x, describe an arc cutting 
the vertical ordinate drawn from the point 6 in the 
elevation in the point E, With distance q u, from q 
as centre, describe the arc cutting the vertical ordinate 
diawn from 4 in the elevation in the point h' in plan. 
From same centre q, with mdii taken successively as 
qv, qw, q i, describe arcs cutting the ordinates dt*opped 
from 3, 2 , and 1, in the points c', d\ and e'. These are 
all points in the curve of the ellipse required; and 
by drawing a curved line from point n to a, passing 
through the points a' 6 ' d d! and d, half of the ellipse 
will be obtained. The other half will obviously be 
obtained in the easiest way by simply continuing the 
vertical ordinates indefinitely below the line Iqh, and 
making the distance o o' equal to 0 a! , p p' equal to 
pV , etc., and drawing through the points a curved 
line which will complete the ellipse, which will be 
plan of top of frustoid in elevation on the line h 0 , 
and this placed in precise relation to the circle 
ilkm, which represents the base of the elevation, 
and part within the lines kn, nc, cd, dk. 

We have next to obtain the view of the top of 
frustoid in elevation on the line 6 0 , as seen when 
looked upon in the direction of the arrow 2. This is 
also an ellipse, which will be more fully illustrated 
in a succeeding chapter, where we show the application 
of the conic sections to the preparation of working 
drawings. This view now required is projected on the 
line g i’\ which is cut by the ordinates drawn from 
points 10 , 11 , 12 , etc., on the line c /, which points 
we have shown how to obtain in a preceding para- 
graph. Take from the plan the distance^* d, and set 
it off from the point 13 to the point q’ on the line 
8 13, with the distance from plan p h' set oflf from 
points 12 and 14 to points r' and t', and with distance 
o a in plan set otf from points 11 and 15 to and t*'. 
Through the points d, r', q', t', and u* draw a curved 
line joining the points i" and i'. This will give half 
the curve of ellipse. The other half can be put in in 
the same way as that described in connection with 
the ellipse in the plan. Or while setting off from 
points 13, 12, 11, 14, and 15, on the right side of the 
centre line i* T, by setting off the distances to the left, 
q0ting the cort^esponding ordinates, as 8 13, in the 
point 0 , any necessity to take further measurements 
will be avoided. We have thus the completed pro- 
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jection the fmstoid of conoi ehown in deration 
at a 6 c <f* 

]Projeetion of a OyUndor* 

In fig. 2, Plate CLII., we illustrate in like manner 
the projection of a cylinder cut with a line oblique 
to t)^ base. In this the elevation is in diagram a, 
the plan of base of cylinder in n, the plan of a looking 
down in the direction of the ari’ow 1 is in diagram o ; 
the side elevation, looking in the direction of the 
arrow 2, is in diagram b. The reader should be able, 
from what we have already given, to find the projec- 
tions as shown, but the following brief notes will 
indicate the mode of procedure. The plan, diagram 
n, of base of cylinder is divided into, say, sixteen 
equal parts on the same circumference 3 4 5, in the 
points 6, 7, 8, 9, 10, 11. These points ore taken 
over to the dotted circle in diagram o by the dotted 
lines as shown, giving the points 11, 12, 13, 14, 15, 
and 16. From these points vertical ordinates are 
drawn, cutting the base line of a in elevation. Through 
point of axis of cylinder draw a line, and take over 
to this line the points as shown in diagnxm b. These 
points give the starting points of ordinates drawn as 
shown, which intersecting with those drawn from 
diagram D, will give the points of the ellipse of plan 
in diagram o. 

In fig. 3, Plate OLII., we give the projection of a 
-canted cylinder, with the upper part cut by a line 
oblique to its base, a is the elevation ; d the plan, 
looking down on a in the direction of arrow 1 ; 
B the side elevation, looking at a in the direction of 
arrow 2 ; while o is the plan of B, looking at it in the 
direction of the arrow 3. The reader should be able 
to project the views here given. 

Projection of Plans of a Bnilding. 

In preceding diagrams we have illustrated the 
relation which different views of the same object have 
to one another; and how the lines of one can be 
obtained from those of another. The retvder should 
now be prepared to understand the following illus- 
trations, in which this principle is elucidated in a set 
of practical drawings. Those, in fact, illustrate the 
projection of working drawings, the lines and points 
of one of the subjects giving data for finding those 
of another. The subject chosen is the design for a 
pair of detached, or as the arrangement is technically 
termed, semi-detached’’ cottages. In commencing 
to lay down the “ working drawings of a house,” the 

giound plan,” as in fig. 2, Plate OLYIII., is usually, 
indeed we may say universally, drawn first. This not 
merely because the internal arrangement of the rooms 
iis the most important matter for which the house is 
designed, but because it gives the points from which 
the leading Hues of the front elevation, as in fig. 1, 
Plate OLVIII., are put in. These tVo drawings, 
the ** ground plan ” and the front elevation,” are so 
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placed on the sheet that the lines of the one can 
be drawn to give those of the other. This is shown 
in figs. 1 and 2 of Plate OLTIII., fig. 2 being the 
ground plan and fig. 1 the front elevation. The pupil 
will see how by drawing first lines so as to be easily 
erased, os they are not permanently inked in — from 
the points a, b, o, and d, in fig. 1, Plate CLVIII,, corre- 
sponding points are obtained in the line a d, fig. 2. 
The depth of the base or plinth is put in, and the 
line e /, fig. 1, drawn through the lower point, form- 
ing the ‘‘ground line” of the design. In drawing 
in the plan where one side is a “ repeat ” of the other, 
the quickest way is to start from a “ centre line,” as 
fl / in fig. 1, Plate CLVIII., and set off the various 
distances right and left of this. The size of the 
sheet, as well as the taste or wish of the draughts- 
man, dictate the arrangement of the various views 
upon it. The “ chamber (or second storey) plan ” may 
be drawn at a convenient distance below the “ gi’ound 
plan,” and the “ back elevation ” below the “ chamber 
plan.” By this arrangement it is obvious that much 
time will be saved in transferring distances, should 
the chamber plan and back elevation be diawn on 
another part of the sheet of paper. Thus, suppose 
this arrangement to be adopted, the lines a, b, c, and d 
of fig. 2, Plate CLVIII., are extended faintly down- 
wards, so as to give the corresponding points a, b, c, and 
d, for the chamber plan in fig. 5, Plate CLVIII. The 
various partitions or divisions between the different 
apartments being drawn in fig. 2, Plate CLVIII., 
the lines of these can of course be taken down to the 
“ chamber plan,” as in fig. 5, Plate CLVIII. ; g, h and 
i show corresponding points. The cliamber plan being 
drawn completely, the lines of the back elevation, as in 
fig. 4, Plate CLVIII., can be obtained by taking down 
lyaes^from the points e, /, in fig. 1, Plate CLVIII., 
to give corresponding points on the ground line a 6 of 
the back elevation. 

But where the size of the sheet, or other circum- 
stances, necessitate an aiTangement of the different 
views upon it, more time is required to find the points 
of the lines of the chamber plan and back elevation ; 
the whole having to be transferred from the ground 
plan. In drawing the chamber plan and back eleva- 
tion under these circnmstancas, the first thing to be 
done is to draw a centre line, as a b, figs. 4 and 5, 
Plate CLVIII,, corresponding to 4' 4, e /, in fig. 1. 
The various distances in /;he direction of the length 
of the plan in fig 2, Plate CLVIII., are then taken in 
the 'compasses, measured from the centre line e /, 
as to a, 5, c and d, and then transferred to fig. 5, 
Plate CLVIII., from the point g» The distances 
of the breadth or depth of the ground plan, fig. 2, 
Plate CLVIII., as from point / towards e, are then 
taken and transferred to fig. 5, from the point g. 
The chamber plan being completed, the Hues are 
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taken from it to give the points of those of back 
elevation, as by extending e /, £g. 5, to a fig. 4, 
Plate CLVIH. 

The vertical heights of windows, roof, etc., of the 
front elevation are obtained with the greatest accuracy 
from the ‘‘tranverse” section, which is shown in 
fig. 5, Plate CLXXV. The vertical lines of this 
correspond to the lines drawn from the points A, t, j. A, 

and c, fig. 2, Plate OLVIII,, These distances may 
be transferred from fig. 2 to the ground line a h, 
fig. 5, Plate OLXXT., starting* from the point a The 
cross section being completed, the vertical heights, 
as 0 c?, c s, c /, etc., are transferred to the front 
elevation in fig. 1, Plate CLVIII., from the point 
on central line where it cuts line e f upwards. The 
dotted lines, as 13, 14, etc., fig. 5, Plate CLXXV., 
being carried across, show how these may be trans- 
ferred at once to the front elevation in fig. 1, 
Plate CLVIII., and the back elevation in fig. 4, 
same Plate. These lines will give also, of course, the 
heights for the end elevation in fig. 2, Plate CLXXV,, 
when transferred to line c d. So also for the other end 
elevation, in fig. 3, Plate CLXXV. In some designs, 
both end elevations being exactly similar, only one end 
elevation is required. When they differ in plan, two 
are required, or may be considered necessary. In fig. 2, 
Plate CLVIII., the lines 8, 9, 10, 11, and 12, being 
extended, will give the points of the depth of the 
chamber plan in fig. 5, Plate CLVIII.; so also of 
the end elevation in fig. 3, Plate CLXXV., although 
this will be in a reversed position. We have so put 
it that it may illustrate the points we have in view. 
The lines of the end elevation in fig. 2, Plate CLXXV., 
across its breadth are obtained by taking the distances, 
as 6 a n, a 0 , a p, and a q, and transferring them to 
line a 6, fig. 2, Plate CLXXV. Fig. 3, Plate CLVIII., 
is the “ cellar ‘ plan.” The pupil should carefully 
study the whole of the drawings from fig. 1 to fig, 5, 
Plate CLVIII., and figs. 1, 2, and 3, Plate CLXXV., 
in relationship to one another, taking care to draw 
them for himself. This will give him in a day more 
practical thought as to the projection of the different 
views of any given subject, than a month devoted 
to reading deBcriptions of drawings and examining 
these. 

FmpeoUve Drawing of Btiilding Dlaas. 

We have in a preceding chapter in the present series 
explained how, while in the drawings — more or less 
specifically known as working drawings — connected 
with the constructive arts of architecture and engi- 
neering, the ordinaiy projectfOn or plane projection is 
used, that for certain purposes of the architect per- 
spective drawings are required, such as houses and 
other structures, but that for the work of the engi- 
neer, egpecialiy in the department known as mechani- 
cal, ordinary perspective drawings are rarely required 


now* Formerly they were, m certain special cases, 
where w:hat ihay be called a picture view of a struct 
tare, such as a bridge, or of a machine, was required 
for business purposes. Now the aid of photography 
is almost universally called in. And this is very 
easily adapted, as the structures or machines are 
alre^y finished or constructed. But in the case of 
purely architectural subjects, such as a domestic 
building, a perspective or picture view may be — end 
often is — required, to show the party who may be 
proposing to build a house for himself, and who has a 
desire to see ** how it would look when built.” The 
house not being actually constructed, photography 
cannot' be availed of, as in the case of a machine, photo- 
graphs of which are generally taken merely for trade 
or catalogue or prospectus purposes. The architect, 
therefore, who is asked by his client to let him have a 
picture ” or perspective view of the proposed house-— 
for he cannot, as he meekly confesses, “ understand those 
plans and sections all on the flat ” — is compelled either 
to prepare, from his knowledge of the peculiarities of 
the “ style ” and construction and arrangement, an 
ideal sketch as it appears in his own mind, or to 
prepare a ** regular perspective drawing.” If a clever 
artist as well as an ai-chitect, he will i*eadily enough 
“ throw together ” a sketch which will give a very 
good idea * of how the house will look when built, 
and which, although it may be of a comparatively 
simple character, will satisfy the requirements of his 
client, On the other hand, if a regular or “ finished ” 
pei'spective view of the house is to be made, the 
drawing is ** projected ” according to the principles of 
ordinary perspective — or, as it is almost universally 
designated, “perspective” simply. What we have 
here to concern ourselves with is only the application 
of those principles to the preparation of a perspective 
drawing of a house, for example, of which the plans 
are drawn on the ordinary system of plane projection 
(see the preceding chapters in the present series, also 
the “ Young Architect ”). These plans are in all cases 
required by the architectural draughtsman, as they 
afford the data from which the lines of the perspective 
drawing or elevation are produced. How the lines 
are obtained we now proceed to show. 

How to Projoot Building Flaat in Penpoetivo. 

In the article headed “ The Young Architect ” it is 
stated that a perspective sketch showing the exterior 
of a proposed new building is generally prepared by the 
architect for his client, to show its actual appearance, 
which cannot be conveyed by geometrically drawn ele- 
vations. It k very desirable that the architect should be 
able to prepare these drawings himself and when the 
0m is thoroughly understood there is no difficulty in 
applying it to every case, however oomplioated, ihat 
may arise. 
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CHAPTER IX- 


At the conclusion of the preceding chapter (p. 321, 
voh ii.), in describing the method of producing chrome 
greens, we showed how a “ fast ” shade of this colour 
could be obtained. Ferric hydrate treated similarly 
yields of course a deep rust-red of feme oxide, FejO^. 
Such is the principle of the manufacture of chi'ome 
greens, except that the chromium oxide is generally 
obtained by other more economical methods from 
cheap compounds of chromium, ' and that a portion 
of the water of hydmtion generally remains in the 
finished product. The reactions which take place in 
the above are thus represented : — 

(1) CrgCle + 6NH4OH = Cr2(OH)e -f 6NH,C1. . 


Chromium 

chloride 


+ Ammonia 


Chromium Ammonium 
hydrate ^ chloride. 


6H,0. 


(2) 2Cr^OH), + heM = 2 Cr,0. + 

Chromium hydrate — Water. 

Other methods of obtaining chromium oxide depend 
upon the decomposition of bichromate of potash or soda : 
for example, when simply ignited oxygen is given oflT, 
carbonate of potash or soda is formed, and insoluble 
chromium oxide remains. On timting this with water 
the alkali is dissolved out, and the product consists 
of CrgOj. 


Making Okrominm Oxide Greene. 

The following are the best and most important 
methods of making oxide of chromium pigments. In 
the first place, chromate of potash or soda is manu- 
factured from chrome-iron ore, which is a plentiful 
mineral consisting mainly of protoxide of iron and 
oxide of chromium, FeOCr^Os or CrjFe04, but 
frequently containing also alumina, magnesia, and 
protoxide of chromium, and containing from 30 to 
50 per cent, of chromic oxide. The one, in a state 
of fine powder, is treated in crucibles with soda ash, 
NaOOs, saltpetre, NO3, on the hearth of a 
reverberatory furnace. The oxygen of the alkali-nitrate 
oxidises the protoxide of iron and the sesquioxide 
of chromium, the latter into chromic acid. The 
sintered mass, after ignition, is ground up and treated 
with boiling water, and the chromate of potash formed 
is obtained in solution. Wood vinegar is added to 
the chromic solution, whereby the alumina and silica 
are precipitated, and the clear liquid is evaporated, 
and crystals of the neutral chromate of potash are 
obtain^. To convert these into the acid chi ornate 
or bichromate, the equivalent, quantity of a strong 
add, such as sulphuric or nitric, is added, which 
unites with a portion of the potash, and on allowing 
the liquid to crystallise, bichromate of potash is 


obtained. ’ Other methods of treating chrome iron ore, 
previous to conversion into oxide of chrome, are 
industrially applicable, but this illustrates the points 
involved sufiiciently well for our purpose. Another 
method consists in heating the pulverised iron-chrome 
ore with clialk, grinding and then adding water, and 
then enough sulphuric acid to the mixture to decom- 
pose the excess of chalk and a portion of the lime 
of the chromate of lime, and so form the bichromate. 
To the bichromate of lime, thus formed, carbonate 
of potash is added ; carbonate of lime is thus thrown 
down, and bichromate of potash remains in solution. 
Prom the neutral chromate of potash or soda 
oxide of chromium is obtained by calcining three 
parts thereof with two parts of sal-ammoniac. The 
reaction is tkat ammonia is driven off, and oxide 
of chromium and chloride of potash or soda formed : 


2Na2Cr04 -f 4 NH4CI = 4 NH3 + SII^O -h 


Neutral ebro- Ammonium 

mate of soda chloride 


- Ammonia + Water 


+ 


Chromic 

oxide 


-h 4NaCl 
4- Sodium chloride. 


The ammonia is of course recovered in a condenser, 
and the residue is ground, extracted with boiling 
water, the chloride is dissolved out, and the oxide 
of chromium obtained as an insoluble fine green 
powder. Another method is to mix some gun- 
powder with the chromate of potash, well dried, and 
sal-ammoniac; this mixture is pressed into moulds 

and ignited. When finely powdered chromate of 

potash is mixed with about an equal w’^eight of starch 
powder — farina or rice — and ignited at a high 
temperatui'e, the result is the formation of oxide 
of chromium and carbonate of potash : 

f BL^CrgO^ + C 2 = 2 CrjOg + 2 K,C 03 + 
Bichromate of Carbon ^Chromic Potassium Carbon 

potash (Starch)*" oxide carbonate ^ dioxide. 

The residue is treated with water, to extract the 
alkaline carbonate. When bichromate of potash is 
simj^ly heated in the air, potassium carbonate and 
chromic oxide are formed ; the former is of course 
extracted with water: 


K 2 Cr 207 + CO 2 = K 2 CO 3 -h CrjOg. 

Bichrome + Air, contain- ^ PolaHsium Chromic 
ing CO, “* carbonate oxide. 

When bichromate of potash is treated with concen- 
trated hydrochloric acid, it is decomposed into oxide 
of chromium and chloiide of potash, provided only 
sufficient acid bo added io unite with the potash: 

•2K2CrO/-h 2HC1 = -f 2KC1 -f 2H2O. 
Oxide of chromium may be obtained also by igniting 
an alkaline chromate with sulphur and extracting 
with water, When bichromate of potash is heated 
with strong vitriol, oxygen is given off, and an 
insoluble basic sulphate of chromium is formed, which, 
when treated with strong solution of caustic soda. 
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yields a precipitate which, on filtering, drying, and 
ignitingi to drive of£ the water, consists of chronuum 
oaade. 

Veridisa or Xmorsld Greoni. 

These chromic'-oxide pigments contain boraoic or 
phosphoric acid; they are very brilliant gi^ns, and 
extensively used. To prepare veridians the following 
methods have been found to yield excellent products. 
Phosphoric veridian is made tlius : 39 parts of neutral 
phosphate of ammonia and 46 parts of biohrome 
are each powdered finely, mixed, and then made into a 
thick paste with water. This is then carefully dried, 
and afterwards ground up and heated to 1 95° C. for 
half an hour. The residual mixture of chromic oxide 
and phosphate of soda is then washed with water 
to remove the latter — which is, however, not done 
perfectly. Boric veridian is made by igniting at a dull 
red heat 3 parts boracic acid with 1 part bichrome, 
washing to remove the soluble boracic acid. 

Properties of the Ghromio Greens. 

Well prepared oxide of chromium, combined with 
more or less of water, yields pigment greens possess- 
ing all those qualities required in ordinary industrial 
decoration or painting. Chromic oxide is a stable 
compound, not affected* by the prolonged action of the 
air and light ; neither do sulphurous fumes discolour 
or otherwise injui’e it. It may be safely used in com- 
bination with any of the usual pigments, whether in 
painting, in paper staining, or in tissue printing. In 
painting, oxide of chromium greens work well either 
in water or oil. In tissue printing the albumen with 
which they are usually fixed is not coagiilated thereby, 
and consequently the colour works well, which in 
paper-staining glue and other sizing and fixing 
materials do not injure the greens. They are much 
to be preferred to arsenic greens, on account of the 
poisonous nature of the latter. The shades yielded by 
chromic-oxide greens vary in depth chiefly according 
to the state of hydration of the oxide — ranging from 
pale, dull green, through rich, deep greens, to very^ark 
shades. The quality known as “ veridian gi’een ” is a 
carefully prepared pigment well suited in painting for 
** marine effects.” 

Teftiug Chroinie-Oxide Greexui. 

k As in the case of most other pigments, the safest 
oi\n6thod of ascertaining the practical value of a sample 
on X chromic-oxide green is to make comparative trials 
powethe small scale to asoeitain its shade, covering 
praotw, transparency, and other qualities, of which the 
valnabjfMil colourist is the best judge. Nevertheless, 
exaxnintle information can be obtained by a chemical 
itapnritittion, os these pigments are no less subject to 
— -masiy or adulterations than most other pigments 

PrHsri^tnples of chromic greens being mixtures, 
of colour Oi blue may readily be detected by the loss 
treating the sample with a solution of 


caustic soda; by then igniting, dissolving in hydro- 
chloric acid, filtering, and adding ferrocyanide of 
potash, a copious blue precipitate, derived from the 
iron of the Prussian blue, is obtained. 

Ultramarine Mite is detected by adding dilute sol* 
phuric acid, when the odour of sulphuretted hydrogen 
(that of rotten eggs) indicates its presence. 

Chrome yellows may be detected by the methods 
described when treating of yellows. 

Chromic oxide when heated with concentrated hydro- 
chloric acid dissolves, and the solution gives a green 
precipitate with ammonia or caustic soda, which 
dissolves in excess of the latter ; and partially 
dissolves in excess of ammonia, but is re-precipitated 
completely on boiling. 

Having now glanced at the green pigments derived 
from chromic oxide, we arrive at those greens derived 
from compounds containing copper ; and begin, as in 
the case of chromium, by describing briefly some of 
the chief properties of compounds of copper, upon 
which depend their application as pigments. 

4 

The Chemistry of Copper Compoimds. 

Many of the compounds of copper are either blue 
or green. Of these a considerable number, as we shall 
presently see, are insoluble in water, and are of such 
stability as to be applicable as pigments. With oxygen, 
copper unites in four proportions, forming the tetrant- 
oxide, CU4O; the hemi-oxide or cuprous oxide, Cnfi ; 
the monoxide or cupric oxid^, OuO ; and the dioxide 
or cupric peroxide, CuO^. The first of these, the 
tetrant-oxide, is of an olive-gi*een colour when ex- 
cluded from oxygen, but on exposure to the air it 
rapidly becomes further oxidised, and changes to the 
tint of cuprous oxide, CugO. This latter compound is 
of red colour, and occurs in nature in a cr}"stalline 
state, as cuprite, or red copper ore. It may be pre- 
pared from sulphate of copper by adding an excess 
of caustic soda and then sugar, and boiling, when 
the cuprous oxide is at once precipitated as a red 
crystalline powder. The hydrated cuprous oxide, 
(Ou 30)4 ’Hj^O, is a yellow-coloured compound ob- 
tained by adding caustic soda or ammonia, not in 
excess, to a solution of cuprous chloride. The precipi- 
tate dissolves in ammonia to a colourless liquid, which, 
like the precipitate itself, rapidly oxidises to a blue 
colour on exposure to the air. The third oxide of 
copper, the monoxide, OuO, is black, and occurs in nattw 
as melaoonite ; and it is formed when a salt of copper 
such as the carbonate is ignited. The hydrated mon- 
oxide, Ou(OH)j, is of a bright-blue colour, produced 
by mixing a little soda with solution of sulphate of 
copper. The dioxide, CuO^, is of light-brown colour, 
unstable, readily splitting up into the monoxide 
and oxygen, obtained by oxidising Cu(OH)i2 by means 
of hydrogen dioxide. 
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TBADX, 

CHAPTER XVI. 

OoloutlBg-llAtterB : Blue and Yiolet Pigmenti (jsontinued). 
At end of preceding chaptex* we began our notice of 
ultramarine blue, the chief pigment blue colour. Little 
was known of its composition until, in the year 1814, 
M. Jassant found a blue substance in a soda furnace 
and submitted it for analysis to Vauquelin, who found 
it possessed the same composition as the rare and 
costly lapis stone. Shortly afterwards Messrs. Guimet 
and Gmelin discovered the method of manufacturing 
this substance commercially. 

Ultramarine Blue is a compound of complex compo- 
sition, consisting chiefly of silica, alumina, sodium and 
sulphur. It varies .in composition according to the 
conditions of manufacture, but the pure compound is 
of a magnificent deep-blue colour ; the colour of com- 
mercial ultramarine varies within wide limits according 
to manufacture. Light blue, dark blue, green, violet, 
and red ultramarines are now in the market. Ultra- 
marine blue possesses the peculiar property of assum- 
ing a paler shade on being subjected to a grinding 
process; and hence pale shades of pure ultramarine 
are more expensive than the dark shades ; generally, 
however, the former are obtained from the latter by 
admixture with white pigments such as sulphate of 
baryta. 

When an acid, as hydrochloric or sulphuric acid, 
is added to ultramarine, it is decomposed; sulphur 
combined with hydrogen, or sulphuretted hydrogen, 
HgS, is given off, and silica separates. 

Ultramarine is printed and fixed in the same way 
as most pigments — by albumen and steaming. The 
colour is fast against alkalies and sunlight ; but dilute 
acids and acid salts destroy the colour with liberation 
of sulphuretted hydrogen — recognised by its character- 
istic odour. This reaction serves to distinguish ultra- 
marine from other blues. 

Prussian Blue , — This is applied both in the form of 
a pigment, printed-on with albumen and steamed ; 
and also by printing-on a mixture of potassium ferro- 
cyanide and an acid such as oxalic, sulphuric or tar- 
taric, and steaming. Prussian blue is a compound of 
ferrocyanic acid, HOXFe, and iron oxide, F 02 O 3 , and is 
formed when ferric sulphate and ferrocyanide of 
potash are mixed together. It is fast against acids 
and light, but is destroyed by soap and alkalies, with ' 
formation of oxide of iron. For the latter reason its 
use is comparatively restricted. When ferrocyanide 
of potash and oxalic acid are printed-on and steamed, 
Prussian blue forms in the fibres of the cloth. 

Several other mineral Uue colouring-matters are 
known — such as Prussian blue, cobalt blue— but are 
now not in use. 


Tellowi. 

The chief are sulphides of cadmium and of anti- 
mony, bisulphide of tin, oxide of iron, yellow 
oxide of lead, and chromates of lead, zinc, strontia, 
and lime. Lead yellow, or chromate of lead, is the 
most important. 

Lead Yellows are used both in the form of pigments,^ 
printed with albumen and steamed ; and by printing 
on as salts of lead and passing the cloth through 
bichromate of potash. Yellow chromate of lead, 
PbCiU 4 , is formed when chromate of potash or soda 
is added to a soluble salt of lead, as the acetate or 
nitrate. Orange chromate of lead, PbjCr^Oj, is formed 
by adding bichromate of potash or soda to a soluble 
lead salt. The yellow variety is used generally as a 
pigment ; the orange variety both as a pigment and 
by printing-on acetate of lead, steaming, and passing 
through bichrome. Chromates of lead are insoluble 
in water, and are fast colours against soap and light y 
hydrochloric acid and sulphuric acid, however, destroy 
them, with formation of the white chloride and 
sulphate of load respectively. Strong alkalies also- 
destroy chromates of lead. 

Iron Yellow or Buff is used both as a pigment and 
by printing-on sulphate of iron and passing through 
caustic potash. Iron butf is the ferric oxide, Fo^Oj ; 
and is formed by the action of caustic soda upon 
fexTic salts ; or by adding caustic soda to ferrous 
sulphate (copperas), and allowing to oxidise in the air. 
It forms a very fast colour, unafiected by light, 
soap, or strong alkalies. It is largely used in calico 
printing. 

Oreexii. 

The following mineral greens are used : — Chrome 
§re^ns, arsenic greens, mixtures of yellow and blue 
pigments. The most important of these are chrome 
greens. 

Chrome Greens are applied in the form of pigments. 
They are genei’ally oxides of chromium, produced in 
several ways. (1) By igniting many compounds of 
chromium, such as sulphate of chrome and chromate 
of potash. (2) Guignet’s green is generally obtained as 
follows ; — Three parts of boracic acid and one of ’ bi- 
chromate of potash are mixed up together with a little 
water and heated to a dull-red heat in a furnace. The 
mass resulting, consisting of borates of potash and 
chromium, is allowed to cool, and thrown into water, 
when the former salt dissolves and the latter 

w 

decomposes, forming a brilliant green precipitate 
(Cr^Og -f SIIjO), which is collected and washed, and 
forms much of the chrome-green paste of commerce. 
It forms a fine pigment of bright green colour, fast to 
soap, strong alkalies and sunlight. It is extensively 
employed. 

Scheele's Orem is applied generally as a pigment. It 
is an arsenite of copper, As 304 Cu^^ ( 1 ), and formed 
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when a. solution of arsenite of soda is added to 
sulphate of copper (blue-stone). It gives a beautiful 
fast green, but its poisonous nature prevents its 
extensive use. 

Emerald Green is the double acetate and arsenite of 
copper, when concentrated solu- 

tion of acetate of copper and arsenite of soda are heated 
together. It is also formed by boiling Scheele^s green 
with acetic acid. Its formation may be represented 
as follows : — 

4CuA8O^+20,H,Oj=2Cu,jJj^^®^»+H,O+AflsO,. 

Browns. ‘ 

Browns are obtained from oxides of iron and 
lead, with addition of varying amounts of red and 
yellow pigments ; also from manganic oxide. 

Mmijaneae Brown or Bronze , — This is the oxide of 
manganese, MugOa, formed when caustic soda is added 
to a solution of a manganese salt, such as sulphate, 
and boiled or exposed to the air to oxidise. It is 
a fast colour. 

This section may be again returned to, and in fuller 
terms. 

(2) VEGETABLE OOLOUEING-MATTERS. 

Madder. 

Although this product has been entirely superseded 
by artificial alizarine, we will give a short account of 
this once-important dye-ware. Madder is the root of 
the Evhia tmctorum, a plant native of Central Asia, 
but once extensively cultivated in various parts of 
Europe and America, New Zealand, and other parts 
of the world. The colouring principle of madder is 
termed alizarine or alizaric acid (CiQHgOg), which 
yields, with alumina, a splendid scarlet, and various 
shades with other metallic oxides ] it also contains on 
allied substance, purpurin, besides various bi*own and 
yellow colouring-matters. 

Oarandn is obtained from madder by treating 
three parts by weight of ground madder with one 
part of cold concentrated vitriol, adding water and 
boiling; the residue is then washed, dried, and 
ground, with addition of some chalk to neutralise any 
free acid remaining. Garancin is still produced in 
small quantity by a process similar in principle to the 
above, the operation being conducted with great care^ 
and high-pressure steam l^ing made use of in the 
treatment. It is employed chiefly for dyeing what 
are termed garancin styles,*' chiefly for dark brown% 
lilacs, and chocolates. 

Xadigo. 

Indigo is a natural oolounng-matter, and one of the 
most important amongst both ancient and modern 
dye-stuffs. It yields one of the fastest of blue dyes. 
The chemistry of indigo is oomplicated and interesting. 


Ocmrrenoe of Indigo * — Indigo is obtained by subject- 
ing certain plants to a process of moist fermentation, 
whereby an insoluble, deep-blue-coloured compound 
is formed, and known as indigotin^ which, collected 
finm the fermenting vats, is formed into a more or 
less impure product known as vndigo* The plants 
mainly used for the production of indigo are species 
belonging to the genus Indigofera^ cultivated in 
many parts of India, especially Bengal and Java. 
Indigo arrives in this country in the form of solid 
lumps or pieces mostly of a deep . blue or violet 
colour, but varying greatly in appearance as well as 
in purity. 

Composition of Indigo , — The colouring-principle 
of indigo is termed indigotin. The amount of indigotin 
present in different commercial brands or qualities 
of indigo varies from 7 to over 90 per cent. — the 
greatest bulk of the indigo in the market containmg 
from 30 to 50 per cent. The other constituents of 
indigo are (1) brown and red coloured organic sub- 
stances; (2) mineral or earthy matters, chiefly 
lime, magnesia, silica, and iron ; and (3) water. The 
brown and red colouring-matters present in com- 
mercial indigo modify to a greater or less extent the 
shade of blue obtained therefrom, but not so materi- 
ally as to render the amount present of any great 
moment in choosing a quality of indigo to buy. We 
now give three analyses of indigo — representing poor, 
medium, and rich qualities respectively. 

(1) Cheap figged *’ indigo, of blue-slate colour and 
exhibiting a dull appearance and heavy — in irregular- 
shaped lumps, contained indigotin, 8*5; organic matter 
(namely, red and bro^vn colouring-matters, woody fibi'es 
etc.), 21’2 ; ash (consisting of salts of lime, magnesia, 
alumina and ii*on, and a large amount of sand), 64*5 ; 
and water, 5*1 in 100 parts. (2) A sample of indigo, 
considered of moderately good quality, in pieces, 
mostly square, and about 2 cubic inches, deep-blue 
colour, and exhibiting a coppery lustre when rubbed 
with a hard substance, contained indigotin, 37*8 ; 
other organic matters, 51*0 ; ash, 7*7 ; and water, 5*0, 
(3) A rich quality of indigo, largely used for indigo 
printing, of an intense violet-blue colour, exhibiting 
when rubbed a coppery metallic reflexion, and of 
light weight, contained 70*9 of indigotin, 17 of organic 
matters, 4T of ash, and 7 of water, Richer qualities 
of indigo than this last are of rare occurrence in the 
market ; this quality, however, is in large and increas- 
ing demand, especially for direct indigo printing, for 
which purpose indigo of the purest possible kind is 
desired. 

Properties of Indigotin or Pwre Indigo, 

(a) Appearances and action of heat. 

Lj^digotin, the calouring principle of indigo, and 
^obmned from the latter by careful subUmatioiii is a 
deep-blue substance of peouliair odour. 
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THE 8TEEL KAKEB. 

Thb Details of his Woek — The Pbikgifles of its 
Paoossses — The Qualities and Chaeaotbbistics of 
ITS Pboduots. 


CHAPTER X, 

It is a curious commentary on the whole aspect of the 
phase named at the end of preceding chapter in the 
history of the Bessemer process that neither those who 
SO bitterly opposed it, nor, so far as we know, the in- 
ventor, had at this time even the remotest conception of 
the magnitude of the trade affected by the success of 
this experiment — pre-doomed, so to say, by its pro- 
moters to show the discovery to be a failure, — a trade 
so great that while it placed within the reach of the 
founder a ** potentiality of becoming rich beyond the 
dreams of avarice " which in his case has been truly 
realised, places also v ithin the retich of the very trade 
who denounced and hindered it a possibility of becoming 
rich far beyond even sanguine anticipations — a possi- 
bility also converted into fact. If the fortunes made 
out of the Bessemer process of steel making, not only 
the gigantic one made by the fortunate and justly 
fortunate inventor himself, but by the numerous 
ironmasters and firms throughout the world — for so 
widely has the discovery been practically applied — 
were summed up, it would show an aggregate of 
wealth which might well be considered fabulous. 

But while this great discovei*}’^ met, as we have 
thus seen it to have met, the indifierence of the 
general public, the direct and persistent obloquy with 
which certain men of science — for the time at least 
not deserving of the designation, forgetful as they 
were of what constitutes true science — treated it, the 
imputation of motives shamefully detractive of the 
integrity and uprightness of the inventor, and, above 
all — for this directly struck at his hopes of that 
pecuniary success which every inventor is entitled to 
look forward to as one, but not the only, reward of 
his labour — the determined and truly bitter opposition 
offered and for so long maintained by ‘‘ the trade,'' 
the reader will doubtless conclude that at least the 
Government held out the hand of encouragement to 
Mr. (now Sir Henry) Bessemer, and gave him an 
early opportunity to prove the value of his process in 
making that metal of which such enormous weights 
are required for the purpose of national defence. 
But this also was not to be. To those who, like the 
writer of these lines, are somewhat intimate with the 
details of the history of the Bessemer process of iron 
and steel making, it is painful to call to recollec;tion 
ail that the inventor had to suffer at the hands of the 
Government. Little service would here be done 
by recapitulating the details of this treatment, but 
much may be done as drawing attention to what in 
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reality constitutes a blot on our national and social 
moraky by recording the simple fact that this treat* 
ment was characterised by anything but fairness and 
sterling uprightness. This will best be illustrated 
by one fact. While the inventor was officially ” in- 
formed that the department ” (at our great national 
arsenal at Woolwich) a>u]d not adopt his process, 
inasmuch as the metal it produced was quite unfitted 
for the making of the ordnance — for which it was 
specially required — the department, in despite of this, 
did nevertheless adopt and carry on the process, and 
with such decided practical effect that for years they 
made, and are now still making in this way, enormous 
weights of i^teel in the manufacture of that very 
ordnance for which, in their official statement to Sir 
Henry Bessemer years ago, they declared the process 
to be “ totally unfitted.” We can give no higher praise 
to the nevertheless fortunate inventor than by stating 
that we have heard Sir Henry detail personally his 
dealings with the Government without the expression 
of a single ‘sentiment, or indeed the display of any 
feeling, but that which was dictated by charitable and 
gentlemanly — gentlemanly because truly charitable — 
principles. It is not every mind which can rise 
supreme to feelings naturally created by a strong 
sense of unfair and inconsidemtely unfeeling treat- 
ment. It is not that such minds are not sensitive — on 
the contrary, they are keenly and unusually so ; it is 
only that they are well-balanced minds which will 
not be swayed by or be allowed to swerve from right- 
minded conduct. We have for a direct and special 
purpose been thus particular in glancing — for after 
all it is but a glance our space has permitted of — at 
what aro some of the features of the early history 
of this the greatest discovery of modern times in the 
industrial arts, — as some, at least, of our young 
readers may derive lessons which may be of service 
to them in their future life. 

We now take up what is the history of the 
scientific and practical details of the Bessemer pro- 
cess, which, as we have stated, has revolutionised the 
practice of modern steel making, so far as what are 
now almost universally called “ mild steels ” or ingot 
steels ” are concerned as distinguished from the hard 
steels, w’liich, being capable of being hardened and 
tempered, are used in the making of all kinds of 
tools and cutting instruments. But those mild or 
ingot steels, although liuoijted in one sense in their 
'applipation to certain industrial purposes, may be 
said to be practically unlimited in their application 
to another and an exceedingly wide range of con- 
structive purposes. In a word, for all the uses to 
which cast iron and wrought iron — more especially 
the latter, which in turn was a substitute for cast 
iron — have been put, these mild steels offer all ad- 
vantages which those two long-established metals give. 

18 
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Tlie Beiiemer Prooatt of aiakisg Steel (omtinued)^ 

To understand the special points connected with 
the early practice of the Bessemer process, it will 
be necc'isary for the reader to turn to the series of 
chapters entitled “The Iron Maker,” in which the 
process of making wrought iron is detailed, and of 
which the making of steel on the old-established 
system as described in the last chapter of the present 
series is but an outcome or after result. We might 
have treated the two subjects of iron and steel making 
under one head, but we have adopted the dual treat- 
ment to secure easy reference and other advantages 
more or less obvious. 

In the above-noted paper on iron making, in the 
chapter detailing the process for producing wrought 
iron, we have said that the generally accepted 
theory to account for the results of the refining or 
refinery process was a very simply stated one, it being 
held to be a mere oxidising process; the oxygen of 
the air blast, combining with the carbon of the iron, 
forming carbonic oxide and carbonic acid gas, and 
with the silica forming silicic acid. But it does not 
extend so far as to get rid of the sulphur and the 
phosphorus: this elimination the puddling process 
efl’ects, though in a way which has not been so precisely 
traced as that the theory of its action is accepted 
without question. 

Perhaps the one most generally accepted is that 
the oxidising action of the air is not confined, as in the 
refining, to the surface only of the mass or masses of 
fused ore \ but that in consequence of the manipula- 
tion to which the raatciial is subjected in the puddling 
process, an internal oxidising action goes on, the 
oxygen so combining with the sulphur when thus 
brought “in such direct contact with all the ma- 
terial that it actually bubbles through it,” hence the 
jets of carbonic oxide seem to rise as if from the 
very bottom, of the whole mass in the puddling fur- 
nace. Sir Henry Bessemer apparently accepted this 
theory, and by carefully thinking the matter out, he 
succeeded so well that he was able at a very early 
stage of his labours to blow air through the mass of 
melted iron. 

In the absence of a minutely detailed history of 
his invention, recording all the steps of his process of 
thought and of action in designing appliances, which 
the world would be but too glad to obtain from Sir 
Henry, and which would, be something more than 
merely interesting, it is only open for us to conjecture 
— and the surmise is at least not unreasonable — that 
to some extent a great surprise awaited him when 
first he succeeded in so blowing air completely through 
the mass of molten metal he operated upon. For 
although Sir Henry blew air through the whole mass, 
which might reasonably have been supposed to present 
such physical obstacles as to make this an impossi- 


bility, in doing this he did much more. For the blast 
of air not only inm^sed the intensity of combustion to 
a degree that must have been truly marvellous to him, 
but carried the fusion to a point, and brought about 
results which were still more astounding — the produc- 
tion of what in point of fact might well be termed a 
new metal. Those who for the first time have wit- 
nessed the operation of steel making by the Bessemer 
process, and been delighted and astonished to a degree 
far beyond their anticipation by that brilliant display 
before which the finest fireworks “ pale their ineffec- 
tual fires,” may form some conception of the feelings 
with which Sii* Henry Bessemer witnessed the results 
of his first trials. With the daring of scientific 
genius he had foreseen that changes in the metal would 
be the result of his process ; but it may reasonably be 
doubted whether he had foreseen that a process of 
combustion of so novel a character and productive of 
results so startling yet so beautiful in their changing 
characteristics lay before him. A result so singular 
that we need feel no surprise to know that when, in 
the year 1856, he announced to the British Associa- 
tion, then holding its annual sitting at Cheltenliam, 
that he had discovered a method gof making iron 
without fuel, the announcement created the greatest 
surprise in the st'Jentiiic world. It did more. So 
thoroughly opposed were Sir Henry Bessemer’s views to 
those at the time generally received by the metallurgi- 
cal world — so directly counter his process to any known 
in the trade — that the flood of prejudice which took 
its rise in this ever-to-be-romembered “ announcement ” 
found vent in doubts and sneers, in stfCtenumts and 
counter-statements, made not always with that courtesy 
and consideration for the feelings of others which is 
supposed to distinguish scientific men, till the whole 
of the “ iron world ” was in a ferment of excitement. 

We need not detail the steps in the history of the 
early trials of the Bessemer process which led its 
inventor, by giving up all idea of overcoming the 
difficulties which those trials brought out, in operat- 
ing with a fixed vessel, to adopt the principle of making 
the vessel itself movable, so that it could l>e charged 
with and emptied of its contents by simply changing 
its position. The reader is doubtless acquainted with 
that form of steam engine known as the “ oscillating 
in this the cylinder is centred upon two trunnions 
terminating the steam supply and exhaust pipes, 
placed at opposite ends of a diameter, the cylinder 
oscillating on these as centres, the ends describing 
short arcs of circles. This arrangement so completely 
includes all the elements of the “ Bessemer converter ” 
as it now exists, that it is far from improbable that Sir 
Henry took the hint for his converter from it. Nor, 
M he did, does it at all detract from the praiBe due to 
nii^i for the ability of his conception. For it ie one 
of the attributes of genius to transform the common 
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things of the general into the treasures of the special, — 
possibly its highest effort to compel, so to say, things 
to assimilate which appear to the common eye to be 
hopelessly dissimilar. 

Tile Plant ” or Keohanioal Aide in the Beasemer Steel Making 
Proeesi. 

Marvellous as has been the development of the iron 
manufacture in this country, curious as have been the 
incidents connected with it — to such a degree, indeed, 
as to approach, if in many respects they do not surpass, 
the fanciful creations of fiction — there has been no 
period in the whole history so remarkable, round 
which so much lias gathered, that has been in all its 
phases so curious and suggestive, and in a practical 
sense so interesting, as that connected wdth the 
invention, introduction, failures, struggles, and ulti- 
mate marvellous success of the Bessemer steel process : 
ono which, as an authority remarks, is an interesting 
example of an invention or discovery securing ultimate 
and striking success, not in spite of, but through or 
in virtue of failures. At more points than one in 
the progress of the invention it seemed that a diffi- 
culty was such that there seemed every likelihood of 
the process being relegated to that limbo of unsuccess- 
ful inventions and discoveries the memliers of which 
are so unfortunately numerous. The difficulties did 
not lie so much in the direction of the mechanical 
appliances necessary for the working out of the in- 
vention and discovery — for it was both of these — as 
in points connected with what may be more strictly 
called the chemical features of the process. How 
these were overcome as they arose in some instances 
by those happy or fortuitous circumstances or chances 
by which many inventions are characterised, forms a 
singularly interesting chapter in the history of prac- 
tical metallurgy. So far as the mechanical appli- 
ances necessary to work the process practically, the 
eminent talents of the inventor as a mechanician 
were quite competent to master them. And, as we 
have already pointed out, it is a striking exemplifica- 
tion of the skill of Sir Henry Bessemer in mechanical 
devices, that he struck out from the first a system of 
working which, in its main features, is the system of 
the present day. But as the process has developed from 
the experimental stages from which all discoveries or 
inventions start into a manufacture every day becom- 
ing more and more gigantic in its proportions, new 
arrangements have been introduced from time to time 
to facilitate the working or mere manipulation of the 
huge masses of metal with which it deals. The plant 
thus produced, under circumstances so novel, ‘indeed, 
so utterly unlike those of the old and established 
methods of manufacturing iron and steel, has now 
reached a point beyond which it seems difficult to 


believe that there will be any further progress made, 
at least in the way of decided changes in the system. 
Improvements in the details will, no doubt, still con- 
tinue to be made, as they are in fact being — have, at 
least up to within a very recent period, been — made 
from time to time; but it is reasonable to suppose 
that the main features of the system will remain as 
now. Compared with the bulky, numerous and costly 
'appliances and plant of the old method, those of the 
new method are amazingly simple. The chief, or as 
it may be tenned the feature, of the plant for making 
wrought iron and steel in the Bessemer process, is 
what Sir Henry called the “ converter ” or ''convertor.” 
The diagram in fig. 1 gives the reader a general notion 
of the form of this, and the method of using it. The 
pig or crude cast iron is not itself fused or melted in 



the converter, but this is used solely for the purpose 
which its name implies. The pig iron to be converted 
hito steel is introduced to the interior of the conver- 
tor, a a a fig. 1. This, made of cast iron, has a fire- 
clay or ganister lining, b 6, calculated to resist for a 
time the action of the intense heat required, and 
largely generated by the pi*ocess. The bottom, c c, of 
the converter, which, like the lining, has to be removed 
from time to time, and frequently, from the action of 
the intense heat and the metal resting upon it, is also 
of #reclay. This bottom, c c, which is circular, is 
perforated with holes, d, of from half to three-fourths 
of an inch in diameter, passing right through from 
lower to upper side, and in number from sixty up to 
and over a hundred. Below the circular bottom, o c, 
there is a chamber, e e, also circular, and into this 
chamber the blast is blowti by a very powerful blow- 
ing' ma(;hine. The converter is not a fixture, as we 
in last chapter pointed out : by the aid of suitably 
arranged and powerful mechanism it is capable of 
being swung round, to make the mouth describe the 
arc of a circle, the centre of which is at /, at which 
point it is hung upon tnmnions or axles. 
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THE OEOMETBICAL SEAXJGHTSMAir. 

His Work in the Construction op the Figures 
AND Problems op Plane Geometry, Usbpul in 
Technical Work. 

CHAFTER XIIL ’ 

Tbs Two SidM of a Triangle being given, and alio tbe Angle 
wbioh they ihonld form, to deioribe the Triangle. 

Having dmwn an angle equal to the known angle,* 
and having carried on each of its sides lengths equal 
to the given lines, we obtain at the extremity of these 
sides two points, which we join by a straight line to 
form the ttiangle required. Knowing the two angles 
of a triangle and their adjacent side, to construct the 
triangle : having drawn the known side, we con- 
struct at one of its extremities an angle equal to the 
first, and at the other extremity we draw^ the second 
angle, and thus obtain two new sides, which, in 
meeting, will form the triangle. We thus see that 
when we know three of the six elements of a triangle, 
provided there is a side as one of them, we can always 
construct it. The triangles are of greatest import- 
ance, since we can resolve into triangles all other 
kinds of figures or plane surfaces, and all polygons, 
as we shall have occasion to illustrate and describe 
further on. Triangles have one more peculiar pro- 
perty — which is, that however irregular they may be, 
they may still be inscribed in a circle, since we can 
always make one of them pass through the three 
points forming the apexes or points of its angles. 

Problems connected with Triangles. 

In paragraphs preceding we commenced the pro- 
blems connected with the construction or describing 
of polygonal figures, ending with several in connection 
with the triangle. In view of the importance of this 
figui’e, taking it as the first of the class of polygons 
or figures of many sides, we here give some problems 
or constructions connected with it. 

‘‘ To construct a triangle, the three sides of which, 
a, h and c, are given.” — On a straight line set off a 
length a 6, fig. 69, equal to snv one of the sides given, 



Fig. 69. 

as c for example. From the points a ahd h as centres, 
with openings of compass respectively equal to each of 
the two other sides, describe two arcs which intersect 
at c : a oh will be the triangle wanted. The two arcs 
of circle will intersect equally at another point c', 
fdtuated below the line a b; but this solution is 


precisely the same as the above, for the triangle ab d 
and the triangle a h o having the three sides equal 
each to each, may be equal. It is, moreover, evident 
that to make the construction possible, one side must 
be smaller than the sum of the two others and larger 
than their difierence; for, to make the two arcs 
intersect, the distance from the centres must be 
smaller than the sum of the radii and greater than 
their difference. 

‘‘To construct a triangle, knowing two sides and 
the angle which they comprise or embrace between 
them.” — Make an angle h a c, fig. 70, equal to the 



if 


Fig. 70. 

angle given ; on the sides of this angle set off lengths 
a c, a 6, equal to the given sides b and c, and join b c. 
The triangle a 6 c is the triangle wanted. There can 
only be one solution of this problem, for two angles 
which have an equal angle comprised between sides 
equal each to each are equal. 

“ To construct a triangle, knowing one side and the 
two adjacent angles.” — Take on any straight line a 
length a t = c, fig. 71 ; at the points a and b let us 



Fig. 71. 

make with this straight line angles equal to the 
angles given, a and &. The outer sides will intersect 
somewhere at c, and the triangle a b c will be the 
triangle required. 

“To construct a triangle, two sides, h, c, and the 
angle h opposite one of them, given.” — Make the 
angle ah Cy fig. 72, equal to the given angle h\ on 

« ne of the sides of this angle let us carry a length 
a s:: c. Then from the point a as centre, with radius 
equal to the side given, 6, which should be opposite to 
the angle 6, let us describe an arc of drole wUch win 
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gdnerallj cut the line 5 oat two points, c and o'. Join 
a 0 and a o' : we obtain thus two triangles, ah c and 
a h o', which have the angle given and the sides given 
in the position indicated. 






Problems eoxmooted with the Square. 

We now come to the four-sided polygons or quadri- 
laterals. Of these there are five kinds — viz., the 
"square," the "rectangle," the "rhomboid," the 
" rhombus," and the “ trapezium." Let us first take 
the "square." The square is what is called the 
"regular quadrilateral"; it has its four angles all 
right angles, and its four sides are equal, as fig. 1, 
Plate CXLIII. 

Its surface is equal to its base multiplied by its 
height ; and as the base of a square is equal to its 
height, since its four sides are equal and perpendicular 
two by two, it follows that the surface of the square 
is equal to its base or to its side multiplied by itself. 
Consequently we call the " square of a number ” the 
product of this number multiplied into or by itself : 
thus, 6 X 6 = 36 ; 36, then, is the " square of 6." 
We call the " square root of a number " that figure 
or number which has been multiplied by itself to 
make the square : thus, 6 is 'the square root of the 
number 36. 

The square made on the hypothenuse of a right- 
angled triangle is equal to the sum of the squares 
formed on the other two sides (fig. 2, Plate CXLIII.). 
Thus, to find the side of a square, a h i c, fig. 2, 
Plate CXLIII., the surface of which would be equal 
to the sum of two other squares, as a 6 ^ / and 
e d e hf construct with the sides a 5, 6 c, of these 
latter a right-angled triangle, ah c\ join the two. 
extremities of this angle by a straight line, a c, which 
will be the hypothenuse of the right-angled triangle 
a 6 c, and the square a h i c, constructed on this line, 
will be equal to the sum of the two squares, a h g f 
and cdehf constructed on the two sides a h, h o, of 
the right-angled triangle a he. 

To diaw a sqmre the side of which we know, or is 
given, as a c, fig. 2, Plate CXLIII., raise at each of 


the extremities of this side, as a c, perpendiculars, as 
a ht e i, of the same length as a c ; by joining their 
extremities, as h i, the square required is formed as 
described. 

To inscribe a square in a circle abed, fig. 3, 
Plate CXLIII., join by lines the four extremities, 
o, c, 6, df of the two diameters, as a 6, c d, which inter- 
sect perpendicularly in the point e. Each angle of a 
square, being a right angle, is equal to 90^ It is 
popularly called a " four square." 

We now come to the rectangle. This is a quadri- 
lateral which has four angles all right angles, but 
the sides are not all equal. It is popularly called a 
"long square" (see fig. 4, Plate CXLIII.). One of 
the sides of the rectangle being taken as a base, the 
height will be the side which is perpendicular to it. 
The surface of a rectangle is equal to its base, o d, 
multiplied by its height, d a or h c. To construct a 
rectangle, the base d c, fig. 4, Plate CXLIII., and the 
height, d a, of which are given, first construct a 
right angle, as c d a; make one of the sides, as d c, 
equal to the base of the rectangle, and take the 
height, as a, as length of the second. Parallel to 
c d and d a draw lines a h, c h, intersecting in point 
h : a h c d the rectangle required. Or from the 
extremity, d^ of the side d c, forming the base taken 
as centi'e, and with a radius equal to the height, as 
d a, describe an arc of a circle ; then from the 
exti*emity, a, of the other side, as d a, forming the 
height, taken also as centre, and with a radius equal 
to the base, as d c, describe a second arc cutting the 
first; we thus obtain a point of intersection at 6, 
which, being joined by two straight liii^, as 6 a, 6 c, 
the extremities of the sides already drawn, will 
complete the figure of the rectangle. In every 
quadrilateral the line which joins the angles of two 
opposite angles, as db or c a, is called the " diagonal." 
A rectangle is often called a " parallelogram." 

We now come to the rhomboid, a quadrilateral 
which has its sides parallel to. each other, but none of 
its angles are right angles. The parallel sides, as 
a 6, c d, fig, 5, Plate CXLIII., are equal one to the 
other, as well as the opposite angles, a&cdh^dc a. 
One or other of the sides, generally the longest, as 
c df is taken on the base, and for height the per- 
pendicular raised on this base, as d c, or on its pro- 
longation, as c d /, to the opposite side which is 
parallel to it. The surfa^ of the rhomboid is equal 
to its base multiplied by its height. 

To construct a rhomboid wo require to know one 
of the angles and the two sides between which it is 
comprised. This angle being drawn, after having 
given to the sides lengths equal to that which we 
have given from their extremities, parallels are drawn 
to the opposite sides ; these straight lines in meeting 
will form the rhomboid. 
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THE SAiriTABT ABOHITECT. 

Thb ItoroiPiJES AND Pbaotioe of His Wobk, in Healthy 

House Akeangement and Consteuction.— Teoiinical 

POINTSOF SEWEEAGBAND DRAINAGE, VENTILATION, ETC. 

CHAPTER VI. 

We stated at the end of last chapter, that while we 
give to house drainage all the credit of being a most 
important part of practical sanitation, there are 
nevertheless other departments which fall to be con- 
sidered. These, though not altogether neglected, if 
carried out in a more or less incomplete way, will be 
sure to bring about a state of matters promoiive of 
bad or unsiitisfactory health, and this in proportion 
to the extent to which inattention to their details 
is given. We have already seen that dampness in 
houses — chiefly caused by neglect of certain points 
connected with the site or soil of a house, and of 
certain details in construction of walls — is a prolific 
cause of bad health. We shall sec, as we proceed, 
that there are other departments of sanitary house 
construction which, if neglected, will also give rise 
to bad health in the inhabitants of the dwellings 
so defectively arranged and built. The truth is, that 
while some depai*tmcnts of house sanitation do assume, 
or have given to them, an importance denied to others, 
and are, in truth, of the highest value as factors in 
securing a satisfactory solution of the problem how to 
build, arrange, and maintain healthy houses for us to 
live in, — it may be said that, in one sense, all the 
departments are of equal importance, inasmuch as 
the neglect of any one of them destroys the efficiency 
of the work as a whole. At the same time we are, 
as we have said, quite free to admit that house 
drainage and §ewerage is a department of the very 
highest importance in sanitary construction. To its 
details, therefore, we now address oure elves. 

Did space permit, we could adduce evidence of a 
state of matters in connection with the condition 
of drainage of houses and of districts by no means 
complimentary to our boasted civilisation compared 
with things of the past. True, we have naturally 
done much to bring about a condition of matters more 
consonant with the true principles of this civilisation ; 
but we are so far from having done all that can be 
done, that not a few maintain that we have scarcely 
touched the fringe of the subject. Certain is it, also, 
that much of the work wh^ch has been done is so 
deceptive in its character as to lead to the definite and 
certain conclusion that it would, in many instances, 
have been safer had no attempt been made at all. 
This seems paradoxical ; but it can be easily shown 
to be strictly true. To understand thoroughly how 
this can be, the reader will require to study the 
peculiarities of the modern system of house drainage, 
which will be fully explained pi’esently. Meanwhile, 


we may here remark that th^ veiy peculiarities ogm 
up sources of sanitary evils, placing it in the power of 
careless, or what is worse, unscrupulous and dishonest 
workmen, by their defective and, in some cases,, 
wholly neglected work, to bring about the very con- 
dition of things — so pregnant with sanitary mischief 
— which the system they profess to work out is 
designed to prevent. How far prevention is from 
being secured by the so-called systems of house 
drainage— professedly founded upon correct principles 
— we have but too abundant evidence aiound us to 
prove, because the evils are not only existent amongst 
the houses of the middle classes, they are to be met with 
in the mansions of the richest. So extensively have 
the defects of the system of house drainage established 
themselves, that the following statement by a writer 
on the subject is not a whit exaggerated. After 
pointing out moi‘e than one noted example of a 
mansion which, professedly well drained on the most 
approved and advanced system,” w*is nevertheless such 
a fever-producing place that it would have been 
infinitely more healthy had drainage never been 
attempted other than that which satisfied our ancestors 
in the last two or three generations, tlie wiiter goes, 
on to say, “ Scores of great country houses are even 
worse ; and though smaller dwellings, by limiting the 
area of evil, are not quite so bad, many of them are 
in a state which "would disgust any one wdth the most 
elementary ideas of what a healthy building ought to 
be.” This seems to be but a sorry result of all that 
has been said in the last generation of the evils of 
defective drainage, and of all that has been so praised 
in connection with the new and modern system of 
house drainage, which was to get rid effectually of those 
evils. How this modern system, which in theory is 
right, has got so warped and twisted from its original 
and inherent principle that its practice is so defective, 
we shall in due course learn. To the architect and 
builder it is of essential importance to have, not 
merely a thorough understanding of what correct 
principles of house drainage are, but an honest and 
scrupulous determination to carry those principles into- 
perfect practice. 

Importance of Home Drainage.— A Oood Syitem not 
nnivenally carried out. 

With special reference to one dopartmepit of sanitary 
science — namely, that of drainage — how essential to 
health it is that all the refuse matter of our 
dwellings be carried off as quickly as possible, and 
not merely carried away, but so dealt with that no 
unhealthy influences shall afterwards arise which 
might otherwise be created through any defects in 
the system by which the refuse matters were carried 
awc^ We have shown how, after long years of 
indifference to and neglect of the laws which regulate 
health in this departbaent, great attention was paid to 
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ili6 subject, and e^orts on an extensive scale made to 
apply those laws to the houses of 'our population. 
And certainly, if we are to judge from the promi- 
nence which has been for many years given to the 
subject of house drainage, and town — or rather street 
— sewerage in various ways, such as Government com- 
missions and inquiries, eflbrts of town corporations, 
ond through the various channels of the press and the 
platform, to say nothing of the erxormous sums spent 
not merely by corporate bodies, but in the aggregate 
by individuals, it would be apparently quite safe to 
presume that the science of house drainage and its 
resultant practice were so well established that few 
faults, if any, remained to be found with our action 
as a people in regard to them. 

How far we are, however, after all that has been 
done in the practice of sanitation, from having esta- 
blished a system of house drainage which has some 
of the characteristics at least of fixity or precision 
of principle, we have, as we have said, but too abund- 
ant evidence to prove. The point is worthy of being 
inquired into, if only for the lesson of reproof and 
of practical warning which the inquiry yields; all 
the more that the inquiry as to principle would show 
but too conclusively that our practice is actually as 
limited in its range as it is wofully defective in its 
details. For obvious reasons this inquiry cannot be 
here entered upon, however abundant the materials 
for it may be : all that we can do is simply to glance at 
its leading features, and these for the present bearing 
chiefly upon the fact that a very large percentage 
indeed of the work of house drainage which has been 
executed during the last few years is so eminently 
defective that all which can be said in favour of the 
systems in vogue is, that they have only attempted 
to do the work. And further, as a final and assuredly 
a most miserable result, this attempt having so 
extensively failed, a very large proportion of the work 
of the past few years which has been declared to be, 
has been only apparently done. 

To prove that we are not in any way exaggerating 
the actual position of matters os aflecting the way in 
which house drainage has been carried out, one has only 
to glance at the leading papers which have been read 
from time to time within the last two or thi*ee years 
before our learned and scientific societies on the general 
subject. Nor less striking in their evidence are 
those reports of special inquiries into cases which, 
from one cause or another, gained at the time a 
somewhat unenviable notoriety. When we read such 
statements as the following — made, be it remembered, 
by authorities who can lay a high, if not the highest, 
claim to a thorough acquaintance with the subject in 
all its details — we are compelled to conclude that there 
must be some cause not yet fully and clearly grasped 
by us as a people for a state of matters so eminently 


unsatisfactory, either from a scientific or a practical 
point of view. And in this connection it is to l)e 
noted that the grave faults — they could scarcely 
well be graver — with which our practice of house 
drainage is charged are not found to be existent in 
connection with houses of the poorest and middle 
classes only, but ore met with in those of the highest 
classes —the residences of royalty, and the great halls 
and mansions of our nobility and wealthy men. This 
aspect of the subject lends still greater gravity to 
it; for if the buildings of those who can afford to 
have the best work, surrounded by health and com- 
fort, fail to receive it, what chance is there of its 
being given to the houses, we do not say of the 
poor, but of the middle classes ? Take, for example, 
the statement, made by an eminent authority, that 
of five hundred first-class mansions which he examined 
in London, so deficient were they in the requirements 
demanded by a good system of house drainage that 
even the best of them “failed to meet the require- 
ments of a thoroughly healthy dwelling.” Still more 
striking would be the contrast between what ought 
to be the characteristics of a house really healthy in 
its arrangements, and what ought not to be, if we 
examined the details of the report concerning a 
mansion of the first claas, costing some forty thousand 
pounds, and which had expended upon it a very large 
sum specially for drainage purposes, and yet which 
proved to be, not merely incomplete — that would 
have been bad enough — but thoroughly subversive 
of or antagonistic to all the sound principles of the 
science, that the mansion, in place of being freed 
from the malarious and disease-engendering influences 
arising from defective drainage, was, on the contrary, 
so thoroughly supplied with them^ that the actual 
and practical result of the examination which was 
ultimately made was the decision that the mansion 
was literally a post-house of disease. If, with all the 
pecuniary means at his command, and with all the 
ingenious details by which his “ system of drainage ” 
was carried out, the architect of this costly mansion 
failed to secure a healthy, and managed to obtain a 
thoroughly unhealthy house, what chance does there 
seem to be of obtaining well (that is, healthily) drained 
houses, when these are constructed with the limited 
means of the great majority of those who build 
houses for themselves, and who, obviously, at least 
wish to have healthy houses for their homes ? 

• Importance of Good Homo Drainage (ccTitinued). 

Taking, however, the features of the practice of 
house drainage in general, some conception of its 
condition may be gathered from the statement of one 
of the highest pracjical authorities on the subject, 
that of the “ thousand ” of drains which, in the course 
of only the past seven or eight years, he had practically 
surveyed or examined, only “ three ” were really perfect 
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— a percentage so small that we can name no fraction 
easily read which would represent it — it wouldi in 
fact, be almost the literal truth to say that the whole 
w^ defective ; and that the defects ranged from the 
moderately up to the thoroughly and in every way 
bad, there is good ground for believing. And there is 
also but too good reason to conclude that this state- 
ment, so thoroughly depressing to all those who, from 
what had actually been done in drainage, had hoped 
for better things, may be taken as descriptive of the 
condition of the question in every district of the 
kingdom. And if this view be in the main correct, 
our practical position in regard to the service and 
practice of house drainage would appear to be 
this : That a new departure will have to be made. 
For if there be any truth in the statement that 
the health of the inhabitants of our houses is de- 
pendent greatly upon the way in whichr their refuse 
matters are effectually got rid of, it is obvious that 
a practice so defective as that which all evidence goes 
to show exists widely amongst us is worse than a 
practice which would ignore the necessity of drainage 
altogether, inasmuch as it is practically a delusion and 
a snare, leading people to believe that they are safe 
from the attacks of the evil influences of defective 
drainage, while in reality they are placed under 
circumstances in which those influences are in daily 
operation, though unsuspected ; whercas, if nothing 
were done, or at least only in the simple tentative way 
which satisfied our forefathers, nothing — or, at least, 
not much —would be expected in the way of pre- 
vention. In house drainage, as in other matters, 
concealed or unsuspected sources of mischief are really 
more dangerous tlian open causes, which possess this 
great advantage-^-that the evils are at least known. 
One may decide that it will be easier, at least cheaper, 
to do nothing to g^t rid of those evils j but, if so, 
the risks are taken open-eyed. But it is a double 
injury which is inflicted when one undertakes to give 
an owner of a house a system of drainage which 
makes a great pretence to thorough efllciency, but 
which, in place of liaving any true claim to this, 
brings about actually a condition of matters in many 
respects worse than that arising from doing nothing, 
inasmuch as the sources of evil are unknown and un- 
suspected. 

floase Brahiags : Its 0ns Prinoipls,— Xtay Ways of 
carrying it intf^ Praotios. 

That this eminently unsatisfactory condition of the 
important question of house drainage does not arilte so 
much from defects in its theory or science, but much 
more from the way in which its practice is carried 
out, seems to be pretty well estoblished. The pnere 
statement of first principles, or the science of house 
' ' » can be given, as we shall hereafter give it, 


fn some half-dozen words or so. And on these prin- 
ciples sjrstems have been based so numerous that 
their name may be said to be legion,'^ Taking those 
generally, no great harm is done to their authors 
when we say that if there had been fewer of them, more 
would be done in the future, more would have been done 
in the past. One evil ceriainly does arise from this 
multiplicity of ** systems.’* Each one has, of course, 
its wannest advocate in its inventor, and he nmy be 
backed by friends more anxious to assist him than 
discreet in the way in which they do it. This would 
be well enough if confined in this direction ; but to 
make out their own system to be thoroughly good, it 
seems often necessary that they should be equally — 
generally, however, infinitely more — zealous to prove 
all other systems to be thoroughly bad. In view of 
this war of opposing systems, it need not be matter 
of surprise to know that owners of house pi-operty 
and their architects or builders alike are, so to say, 
at their wits’ end to decide which of the systems 
is the best to be adopted. And if they give close 
heed to what the advocates of each system maintain 
should be done, they will veiy naturally decide to 
do nothing, or at least but very little^; falling back, 
in extenuation of their total or partial neglect of 
any system, upon this : that they cannot tell which is 
right — for who can decide when doctors disagree ? ” 
It does not seem true, therefore, in this matter of 
house drainage, that in the multitude of counsellors 
there is safety.” Rather, indeed, is the proverb ex- 
emplified that the ** safety of the patient lies in the 
disputes of the physician ” ; for while sanitarians are 
quarrelling over their systems, many decide to do 
little or nothing, thus avoiding, as they assuredly do, 
the great expense which the adoption of some sys- 
tems at least would involve, and in some instances 
a result more disastrous almost than doing nothing 
at all. 


The Primary Perili of Home Drainage Work : Oareleei 
Work. 

While this is so far true of systems generally, which 
are often vastly too elaborate to be practically successful, 
it may be said with perfect safety that it is in the 
practical details of house drainage that the gravest 
faults are to be found, and which give rise to the most 
serious evils. No matter how simple and perfect, — and 
simplicity and perfection as a rule go together, — if the 
details be not executed properly in the actual working 
out of the system, it will assuredly fail. We admit 
freely enough that some injury has been done to the 
cause of sanitary science generally, and to that depart- 
ment of it which is concerned with house drainage, 
through the multiplicity of systems, which have had a 
tejf ency to bewilder rather than to help those anxious 
to carry out practical plans. 
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THE 8TEAH ENODTE VSEB. 

Thr Diffebknt Classes of Engines use© chiefly fob 
Manufactubino and Agbioultubal Pubposes.—Thb 
Leading Details of Steam Engines- -Consteuotive 

AND OpEEATIVE.— THBIE PRACTICAL WORKING AND 

Economical Management. 

CHAPTER XVIIL 

At the conclusion of the preceding chapter we com- 
menoeS the description of lig. 44: continuing this, 
we have to say that steam is admitted at a into the 
chamber whence it is admitted, as shown in the 
drawing, to the upper end of the cylinder, tending 
to fore 3 the piston downwards. The steam which 
had previously pushed the piston upwards now finds 
its way into the sepaiute condenser c, where it is 
met by a jet or spray of cold water, and is im- 


by this means kept free from the cooling influence of 
the cold injection water, and, as an inspection of the 
drawing will show, is kept hot by a steam jacket, shown 
by a dark line in thickness of metal at sides, sur- 
rounding it, supplied with ‘‘ live steam, thus keeping 
the steam as hot as possible whilst exerting its power 
in the cylinder, till the time arrives for it to be con 
densed. 

Watt also invented another form of condenser, in 
which the steam was made to pass into a vessel 
containing a number of small tubes, through which 
a constant supply of cold water was passing. The 
hot steam was thus brought into contact with a large 
area of cooling surface without being actually mixed 
with the water, merely becoming condensed by the 
low temperature of the metal tubes. A small model 



Fig. 44. 


mediately condensed to such an extent that a vacuum 
is at once formed, tending to pull the piston down- 
wards by suction. As the water collects at the 
bottom of the condenser, it is drawn away through 
the foot valve by means of the air-pump A, and 
pumped into the hot well /, and prevented from 
returning by the delivery valve there shown. This 
which is hot, is pumped into the boiler, thereby 
saving a considerable amount of fuel. In order that 
the condenser may be kept cool, it is immersed in a 
large tank or cistern kept supplied with cold water. 
In the drawing here shown, the engine is used for 
pumping, and as the water is brought to the surface 
it is delivered into the Cistern as shown at r ; thus a 
constant supply of cold vrater is kept around the con- 
denser, so keeping it always cool. The cylinder is 


of this is to be seen in the Watt collection at the 
South Kensington Museum. The idea of a sepamte 
condenser is considered to have been Watt's grandest 
invention, and to have done more to make the steam 
engine what it is than any other improvement. 

The Connecting-Rod is the lever which is attached 
to the end of the beam of a beam-engine, and to the 
crank-pin, thus connectifig the motion of the beam 
to the crank-shaft. In tig. 25 the connecting-rod 
there shown is a cast-iron one. In the early forms 
of engines, of which fig. 22 is an example, chains are 
used, as the only direction in which power needed 
to be applied was that of pulling — for the piston 
w-as pulled upwards by the ^weight of the pump-rods 
on the other end of the beam, which latter was in its 
turn pulled down through the medium of a chain. 



250 


THE STEAM ENGINE USEE. 


Then, when a vacuum was formed below the piston, 
the beam was palled down at that end, whilst the 
other end was raised, pulling up with it the pump- 
rods and column of water. Thus it will* be seen that 
there is only a pulling strain, and that a chain, there- 
fore, does the work just as well as a rigid rod ; but 
when the crank was applied to the engine, and a 
reciprocating motion set up, it was necessary to have 



a connecting-rod which would both pull and push, 
so a rigid rod was substituted for the chain. Cast 
iron being considered the most easily formed metal, 
this was used, and no doubt did its duty very well, 
especially as much was not required It, as only 



used in land engines, but more commonly in marine 
engines, is that shown in hg. 47. The end of the 
rod is in the form of a cross, and the brasses are held 
together by the two bolts and cap, as illustrated. Thia 
is a very simple and at the same time strong arrange- 
ment. A space is left between the brasses to allow 
of tightening up in case of their becoming worn. 

Cranks . — As mentioned before, cranks are some- 
times made of cast iron, and sometimes of w]!t>ught 



Fig. 47. 


iron. A cast-iron crank is shown in figs. 48 and 49,. 
the former l>eing a section. It will be noticed that 
there are two ribs cast on the crank, so as to make 
it of a trough section, as shown at A. Sometimes a 
cross-shaped section is adopted, as shown at B, but 
this form is not so strong as the other, tliough it has 
the advantage of being easier to cost. ^^The crank-pin 
is sometimes cast in its place and turned up after- 
wards, but generally it is made separately, shrunk in 
and riveted afterwards. The crank-shaft is turned 



slow speeds were necessary in those days. The rod 
was cast in difierent forms, but one of the most usual 
patterns was that shown in fig. 44, which, if cut 
through at the point o would show a cross-shaped 
section. The ends were cast in one piece with the 
rod, and openings were left into which were fitted 
the brasses held in place by cottars. 

The crank shown here is a cast-iron one, most 
probably. There are various* other forms of connect- 
ing-rod ends, the moat common form of which is 
shown in fig. 46. It will be seen that the brasses are 
held in position by the strap s, keyed to the end 
of the rod b by an arrangement of gibs and cottar. 
As the brasses wear, the cottar o is driven farther 
in, which has the effect of drawing the brasses closer 
together, and thus making them clasp the crank-pin 
or journal more tightly. Another form, sometimes 


to fit the opening at the other end, and a key driven 
tightly in prevents the crank from turning round 



0 Fig. 50. 

upon it, half of the key being sunk into the crank 
and half into the crai^Hsihalt. 
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TEp SOAD MAinrp 

Hl8 WoHK IN THE LAYING OUT OP BOADS IN RURAL, 

Suburban and Town Districts, their Construction, 
Repair, and in the Choice and Use of the Various 
Materials Employed. 


CHAPTER IX. 

Continuing our description of the drainage of road- 
side or foot path commenced in lost chapter, and 
referring to the illustration here given, lig. 16, we 



Mg 16. 

have to state that the surplus water of the side drain 
c is then carried off to the ditch f by the tubular 
drain e e. This runs through the soil below the 
footpath d df and being placed at intervals along its 
length, the side drain b c running along the whole 
of this, the soil under the footpath at or near, as 
well as in the intervals between, will bo drained more 
or less ofHcieutly by the croas drains 6, as well as 
in some measure by the near side of the open ditch f. 

A more efficient arrangement is shown in tig. 17, 



Mg. 17. 


in which a is part of the main road, b the stone-filled 
side- or footpath gutter drain, into which the surface 
water of the footpath / — g being the fence of quickset 
— drains. The surplus water of the drain b c is not 

in this instance carried into an open ditch, as at / in 
tig. IG, but is led by a tubular drain, df to a .^ide 
tubular drain at point e. This should be of large 
dimensions, so as to act Jis a drain of tlio water 
not merely from the land outside the road lying 
towards the left of e, but also a.s a further or additional 
drain to the soil to the right, even that under the 
body of the main road. Well constructed drains draw 
supplies of water from a much wider area than is 
generally supposed ; the width of the area depending, 
of course, upon the natui’e of the soil. A heavy soil 
l 3 n[ng compactly together will be drained through- 
out a less area than a light an<l loosely lying one. 
Another arrangement is where the gutter dimn from 
the footpath is outside the path, the surplus water- 
being carried down by a pipe to the side tubular 
drain. 

Side Ontteri of Pootpathi. 

We have alluded to the importance of having the 
side gutters kept free from the grit or detritus 
washed into them from the surface of the road and 
footpath* In fig. 18 we give a section at a a a 


showing arrangement for a single trap ‘‘ gulley ” oi* 
side drain. The bottom of this should be rounded so 
as to atiford facilities for clearing completely out the 
detritus or gritty sediment. The grating or ‘‘ grid ” 
at line b, shown in section atf ghy is placed below 
the road curbstone (f, some distance from its upper 
surface, the level of the curbstone c of the footpath 
being a little lower than that of the curbstone d. 



Fijr. IS. 

The suiplus water is carried off by the pipe e— this 
having the same relation to the trap and to the 
footpath surface as the tube e, fig. 19. 

As the detritus or gritty j^ediinent lield in the 
drainage water falls to the curved bottom of the trap 
it is apt to concrete together or solidify into a mass 
very difficult to removo, especially in dry weather. 
And as much of it is unfortunately carried over 
into the drain, tending to choke and till it up, it 
is a good plan to prevent this untoward effect. This 
may be very effectively done by using the double 
trap shown in tig. 19. Any sediment or silt that fails 



to be deposited in the first gutter, sides of which are 
shown at a a, will almost cerrainly be deposited in 
thq second, c c o, grid of which is at d The surplus 
water will then pass off to the drain by the tube a c, 
comparatively free fi-om deposit. Some such plan as 
this to prevent the gritty, concrete, fine material 
from entering the drains, which has such a decided 
tendency to choke^them up, although expensive at 
first, will he cheaper in thei long run, and save much 
after-labour. The cost of making covered roadside 
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drains for subsoil dmnage of the road with 2-mch 
tubular drains has been estimated at ^36 5s. per 
mile, and with 3 inch drains at £42 17s. Where 
the surface water is also to be taken, the cost would 
be increased. In fig. 20 we give a suggestive hint 
for forming the side gulley traps of roads and their 
footpaths in a much less expensive way than when 
they are (constructed specially of brickwork. It is 
of course understood that while the main body of the 
gutter runs alongside the road or footpath throughout 
the whole of its length, the traps for arresting the 
detritus, as in figs. 18 and 19, and the one now to be 
described as in fig. 20, are only placed at intervals 




along that length. The more likely the traps are to 
be speedily filled — the general nature of the climate 
deciding this — or the worse the character of the 
detritus washed into them as a concrete-forming 
material, the mol’s frequent should bo the “ traps ” 
for arresting that detritus. The “trap” in fig. 20 
is made out of a large sewer drain-tube, a a, the 
lower end, h b, of which is fixed in and surrounded by 
a mass of fine clay or of concrete cement, to make the 
foot a watertight receptacle. The sewer tube is of 



Fig. 21. 

that class, having at upper end a faucet joint d d, and 
a side branch tube e /, this acting on the tube e e, 
fig. 20, to carry off the surplus water to the drain. 

On the construction of large open watercourses for 
the conveying away of flood water, the contents of 
the main drains of fields or the water from roadside 
drains, we may offer a few remarks. 

In dry weather the water in these open ditches 
moves along the l>ottom in shallow streams, or lodges 
thereon in small stagnant pools, as at b or c, fig. 22. 
In addition to being thus so far useless for the veiy 
purpose for which they are intended — namely, the 
rapid conveying away of the water — an unhealthy 


condition is created from the emanations arising fi^m 
the stagnant water, as at a J c. In place of resorting 
to the expensive method of arching over these water- 
courses, the following method has been adopted with 
complete success: — Below the bed of the natural 
■watercourse, abcd^ fig. 22, a tubular drain e, or as 
at efg h, is placed, and covering over the tubular 
drain when laid, care being taken to provide, where 
necessary, junctions for side drains. The bed of the 
stream being re-formed with clay and gravel so as 
to form a better channel, such flood-water as could 
not be conveyed by the pipe beneath is taken in 



this bed. In this way a better fall is got, the flow 
and the sweep of the water accelerated, and com- 
parative cleanliness and salubrity is obtained, at from 
one-eighth to one-fourth the expense which arching 
over would have taken. Where this method has 
been carefully adopted, so much has the flow through 
the pipe been accelerated, that there are com- 
paratively rare occasions when there is an overflow 



from them, and the surface of the drain presents 
the appearance of a clean narrow road. Modifications 
of a simpler and less expensive character of this plan 
may be made, and yet ^th great advantage to the 
ro^. Thus, in place of the drain tube, the lower 
plld of the ditch may be re-formed as at a, fig. 23, this 
hollow being filled with stones up to the line of 6, the 
sides (f 5, c 6, being also made straight. 
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THE FABMER AS A TECHHIOAL WOBKUAN. 

His Tools, Implements, Maoiiinbb and Matebialb. 
—The Pbincipleb of his Wobk in m Vabious 
Dbpaetments. , 


CHAPTER VIII. 

If we compare the seed of any well-known farm 
plant, as 'wheat or a turnip, with the ultimate pro- 
duce, we must he struck with the vast increase 
in bulk and weight which has been secured in the 
new form of the produce. In the case of wheat 
wo see from a single grain how many grains of the 
same kind are obtained. Wo have obtained from 
one as many as a hundred, — in some few instances 
an increase in number considerably higher than even 
this high figure of incitjase. And on comparing the 
weight of the ultimate number of grains with that 
of the original grain, the contrast is all the more 
striking. This point of weight is perhaps more 
striking still in the case of produce of seed other 
than that of wheat — such as the turnip. Here, 
while we have no multiplication of units, only one 
turnip proceeding from one grain of seed — unlike the 
wheat, which, as we have seen, gives many gmins 
from one — we have a still more marked increase 
in weight and bulk. The increase of bulk alone 
is a special feature, for the tiny seed grain, a mere 
fraction of an incli in diameter and of a cubic inch 
in bulk, is changed to a root which is many inches 
in diameter and many inches in cubical capacity. 
In saying that in the case of a turnip there is no 
repetition of the seed, we mean only in that part 
of the resulting produce which is used as food. 
In point of fact, there is in both the wheat and 
the turnip, as indeed in all seed-bearing plants, an 
intermediate product : in the caso of the wheat, 
the straw comes between the seed root and the 
seed produce ; in the case of the turnip, the bulb or 
root comes between the seed root and the ultimate 
produce of seed. The difierence between the two 
plants, considered as food producers, is, that in the 
case of the wheat it is the seed or grain which is 
the primary produce or food, the intermediate part 
— namely, the straw — being secondary; while in 
the case of the turnip it is the intermediate pro- 
duct which retained a a food, the seed being only 
secondary. But if we take both the intermediate 
and final products, the contrast in weight and bulk 
of both with those of the original seed is still more 
striking. 

Points oonneoted with the Gradual Increase of the Bulk of 
Plants.— Their Pood Sources. 

Where does all this increased bulk and weight come 
fromi Let it be remembered (what is too often 


forgotten) that the seed has in itself no creative power 
while certain conditions are absent. So long as they 
are so, the seed may moulder and decay, but it will 
not change its form, or increase in bulk or weight. 
But placed under proper conditions in the soil, those 
changes at once commence which result ultimately in 
repetitions of the original seed ; the contrast, as we 
have seen, in the number, weight and bulk of which, 
as compared with the original tiny and single seed, 
is very great. Where does this increase come from ? 
It must clearly come from sources fomgn to the seed. 
Those sources we have already indicated as being 
present in and derived from what are called the 
fertilising sources or resources of the soil and the 
atmosphere. The compounds or combined substances 
or chemical agents and reji gents — organic from the 
atmospheric (as the air) or other fertilising sources 
(the rain and dew), inorganic from the soil — are by a 
curious process, part only of which science has as yet 
been able to grasp, some points of which, with all its 
power, it clearly win never explain, taken up and 
assimilated by the tissues of the seed, or emanating 
from it and made an integral part of it, and give out 
ultimately the ripened produce we generally desig- 
nate as food. The inorganic elements demand from 
the soil but a comparjitively small proportion of the 
weight of the ultimate product — from 1 to 12 per 
cent.: wheat, for extimple, having in 100 lb. of the 
grain only 1’18 percent, of inorganic matter or incom- 
bustible ash, and of the straw 3*51 per cent. ; oats 
yield a higher per-centage of ash in grain and straw, 
in 100 lb. being 2*58 and 5*74 respectively. The 
inorganic compounds derived from the soil being ttiken 
up in small proportions, but still being essential to 
the life and growth of the plant, should be as 
uniformly distributed as possible throughout the soil 
in which the plants grow, so that all shall have 
their due shai*e. Hence the value of mixing of soils ; 
and, as we have wxid, there is practically no soil in 
which the fertilising constituents are equally diffused 
throughout it. Hence, also, the value of depth in 
the soil from which plants can derive their nutri- 
ment, so to call it. Now, this nutriment is not only 
unequally diffused throughout the soil, but it may 
be presented to the plants in such a condition that, 
while supembundant in quantity, in condition it is such 
that there is no ajOinity, so to phrase it, between it 
and the plant tissues or rootlets, and they cannot 
assimilate the nutriment presented them. Thus it is a 
curious fact that two substances may be applied to a 
field, one of which will promote, the other actually 
prevent vegetation; and yet the one substance so 
preventing it will actually contain three times as 
much of a highly valuable and essential element of 
fertility as is possessed by the other substance, which 
is found to promote vegetable growth. 
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ChftYaeter of the Work to bo Xk>]io by a OultiTatiiig Imple- 
meat, in order to Aid Plante in Aeiimilatlng PertUieing 
ConsUtnents. 

What the farmer, therefore, has to look to the 
mechanic for is that he shall give him an implement 
or implements which will enable him to prepare his 
soil BO that it will aid the assimilatioil of the ferti> 
lising constituents present in it by the rootlets or 
tissues of the plant : in other words, so to place these 
oonstituents physically — or in a mechanical condition 
— and chemically, that they will in the most effective 
way be taken up by the plants. , This is really the 
essential point required to be aimed at securing, — 
neither the farmer nor the mechanic to wliom he is 
compelled to go for help in this matter need concern 
himself about the amount of fertilisers 'naturally pre- 
sent in the soil. The two need not trouble themselves 
with the grave statements and solemn warnings of 
some as to the exhaustion from the soils of our country 
of the fertilising constituents which a continuance in 
the established methods of cultivation will, they say, 
inevitably bring about. It may be so, and so far we 
are disposed from one point of view — indeed, com- 
pelled — to admit this ; but the remedy is not far to 
seek. It is to bo found in the establishment of a 
proper system of cultivation, which will enable the 
farmer to avail himself of the hidden, unavoiled-of 
stores of fertilisers present in nearly all soils — in 
some rich beyond all tlie necessities of plant life — in 
nearly all of them practically inexhaustible. But culti- 
vation proper, as a rule, as yet has not touched this 
supply, pimply because ^‘cultivation proper,*^ as a 
rule, has yet to be established. And we are pro- 
foundly impressed with the conviction, derived from 
a somewhat patient study of the whole question in 
its mechanical and farming aspects, and a somewhat 
careful examination of what mechanism has yet done, 
and of thought as to what it can yet do, that it is 
to steam-wrought mechanism that the farmers, and 
through them the nation, have to look for a great 
extension of the food-producing powei’S of the soils of 
Oreat Britain. 

Some SnggMtlve Pointi ooimeoted with the Chemiitry of the 
Soil, ai aiding the Farmer and the Ueohanio in Devising 
a Good System for its Cultivation. 

And in his attempt to avail himself of all the 
powers which this will aSbrd him, to make available 
the now locked up stores < of soil fertilisers, it is 
curious, and so suggestive as to be worthy of special 
notice, that in this attempt the farmer and the 
mechanic will both alike be aided by the natural 
arrangetnents wisely instituted by a beneficent Pro- 
vidence. For it so happens that the, chemical pro- 
cesses— for they are really such— continually going 
on within the soil in relation to the seeds and the 
manure which may be artificially applied to it, are 


brought about and maintained by a condition of 
circumstances which bring into play and form active 
agencies in fertilising substances which would other- 
wise remain inert, and not be assimilated by the 
plant tissues. Thus, if we keep up a porous soil the 
air gains access to it, and acting upon the carbon 
present in it, converts or changes it into carbonic acid, 
which is a most powerful agent in taming many 
substances present in the soil, or in the manure given 
to it, into active fertiUsing agents, which would other- 
wise remain dormant or inactive. And of the chemical 
agents present in the soil, which act the most power- 
fully in this way of placing fertilising agencies in 
combination with the soil, so that they can be availed 
of by the plants, it is to be remarked that they possess 
their value in a regulaily descending scale, the rela- 
tion to one another and the value of each never 
varying; and that while they have the power of 
exchanging their bases, forming new compounds of 
a valuable cliaracter, this power is always exercised 
in a certain prescribed order, bearing a direct relation 
to their relative value. And thus the curious fact 
remains, that while the substances of higlier value, as 
ammonia, can “dispossess,” so to say, any of lower 
value, such as soda, which is the lowest in value of 
those substances here referred to, the substance of 
lower value can never “ dispossess ” that of a higher 
value. A beneficent arrangement this, and one greatly 
facilitating the labours of the farmer and the mechanic 
in making available the hidden, stores present in soils; 
for we thus find “ that the more valuable compound 
shall always have the power of displacing the less 
valuable, while the inferior is restrained by impassable 
barriers from supplanting the su|jerior compound.” 
Now, when we state the fact, which is beyond doubt, 
that this transformation, so to term it, of inferior 
chemical agents present in the soil into superior, 
which exercise the highest fertilising influence on 
plants, is greatly aided — indeed, in many cases brought 
only about — by having a porous soil, the farmer’s 
mechanic will see how necessary it is that he should 
so design and construct his mechanism that it will give 
this quality ; and, further, as bearing upon this and 
the other points we have either already noticed or 
have yet to notice, the necessity which follows as a 
corollary in consequence of the above, of having the 
greatest possible depth to the stratum of porous 
soil. It is not easy to define what the limits of this 
depth should be. It cannot be too deep : certain it is 
that our mechanical power of deepening the porous 
bed will, for some time at least, till greater improve- 
ments be introduced, be far behind the capability 
required of it, so that if there exists a possibility, of 

e ich we doubt the existence, that the porous bed would 
too deep, we have not much chance at present of 
reaching the dangerous point. 
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THE WOBEHAH AS A TECHNICAL STUDENT. 

How TO Study, and What to Study. 

CHAPTER IX. 

At the conclusion of preceding chapter we stated that 
it would have been well for the prospects of technical 
education had many teachers and students alike 
grasped the real object and meaning of education, 
which is to take up facts, and by mutual digestion 
and assimilation thoroughly to understand them. 
Once this is done, they are their own, forming as it 
were an integral part of their system, not dependent 
upon the strength of ‘mere memory, which in its 
evanescent nature may have no real strength at all. 
The facts are easily enough got at. The field of their 
after observation, both of books and of objects or 
things, and of men, during their eitrly and especially 
their later life, will be found to abound with them. 
The more faculty to see things as they lie around us, 
waiting, so to say, to be looked at and comprehended, 
is with some a gift, with others a habit acquired by 
patient cultivation. So import>ant is this to the 
technical student that we shall give a few remarks 
upon it in a succeeding paragraph or two, which may 
be worthy of special notice. To form, cultivate, and 
aim at steadily improving this assimilation of truths 
and facts, drawing or leading out the powers of the 
mind to bear upon them, is, in point of fact, technical 
education. And this, os just said, is etfected wholly 
by the discipline of the mind. The powers of this 
being led out or educed — (“ education from the 
Latin word eduoere^ to lead out), or di^awn out, and 
this steadily and persistently and patiently, will 
** grow with his growth and strengthen wdth his 
strength,” till what at first may have been a difficulty 
becomes at last a matter of comparative ease, and 
a delight. This discipline of the mind, this educing 
or loading out of its powers, and this more or less 
in the way we shall hereafter explain, cannot be too 
frequently stated or too forcibly insisted upon. It is, 
in fact, the key of the whole position. Once a teacher 
comprehends it, once a student is willing to apply it, 
the battle, so to say, is lialf won. 

Siiential Value of giving Thought to the Work of acquiring 
Knowledge. 

He was a wise man who said that the first step to 
be taken in the education of youth was to get them to 
think; and that once this habit was established, all 
the other difficulties connected with special or technical 
education would rapidly disappear. For it is com- 
paratively easy to teach one who is determined to the 
best of his capability to think about what he is learn- 
ing ; for it is after all only by really understanding 
what he is studying that he can gain true, and there- 
fore useful, knowledge. Things studied parrot-fashion 
are worth only parrot-talk. 


We shall see as we proceed that the truths and 
facts constituting what may be called the intellectual 
food of the student, numerous — innumerable — though 
they be, ranging themselves naturally, or being ranged 
by scientists, under separate departments, are to be 
easily enough got at ; and by the system and discipline 
al)ove named will be rapidly taken up and as rapidly 
digested and assimilated. There is no lack of material ; 
what the student has to concern himself with is its 
selection and the mojie of using it. The willingness 
to acquire and this desire to have knowledge, that is, 
facts which are truly known, must go hand in hand. 

The Mere Desire to possess Knowledge, and the Determination 
or Will to seonre it by Study, quite Different Things. — 
The Praetieal Importance of the Distinction. 

They are not one and the same thing ; it would be 
well for students if they were — that the desire was 
always coincident with the willinguoss to acquire 
knowledge. This willingness involves determination. 
When a man wills a thing, the determination to do — ‘‘I 
will that it shall be done” — is the first practical step in 
the doing of it. The desire may go, no farther than 
the mere expression of it, which involves no exertion ; 
willingness brings w^ith it practical and sustained 
efforts. To will is to work, therefore. If desire for 
wealth was all that was necessary, no man would 
remain poor ; but to become rich he must be willing 
to work, and to w’ork hard. All these are but common- 
place considerations, which every one approves of ; but 
the misfortune is that every one does not apply them 
in actual life and its w’ork, in which they are of 
primary importance. It would be well for many men 
if in youth they had taken heed to them. 

The Model or Byitems of Acquiring SHnowledge. 

The facts or knowledge useful to the technical 
BtuSent range themselves under several heads. Each 
of these constitutes a department, and each should 
have its regular place and be regularly taken up. 
These departments may be chissified thus : — First, the 
knowledge obtained from a teacher, or what may be 
called oral or conversational education ; second, that of 
books alone, — of the class or technical school combined 
with the study of class-books ; third, that of personal 
observation ; and, fourth, that of the mental thinking 
over of the results of the three first-named. By care- 
fully reflecting upon all he has learned the student can 
select the truths and facts which will be useful in any 
particular branch. 

The Belation of the Student to hii Teacher.-— V&lne of an 
' Ezperieuoed and Wiie Friend ai a Bonroe of Help and 

Couniel. 

The direct application to the wants* and necessities 
of technical work being the ultimate aim and object of 
all technical study, — the realisation of preceding hopes 
and wishes, the fruit or harvest following the pruning 
of the tree or the sowing of the seed, — in the first of 
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the four classes above named it does not follow that 
the teacher is always to be the regularly appointed 
school teacher,” or expounder of the knowledge ob- 
tained in the school. On the contrary, a student may 
have many teachers in friends of the family, or those 
with whom otherwise he comes in contact, and it 
will be well for him if he has at least more than one. 
He may then be taught by those of maturer years 
and much riper knowledge than he himself possesses, 
and he should ever be ready to avail himself of such 
of its treasures as they may be able, and generally 
are ready and willing enough, to impart. An ex- 
perienced friend — and unless he be willing at least 
occasionally, and then frankly and readily, he is 
scarcely entitled to this honoured name — of this kind 
cannot be too much esteemed and valued by the 
student; and, if he be himself wise in his youth- 
ful or early days of business, he will be careful to 
cultivate the acquaintance, and ultimately to secure 
the friendship, of those who, older than himself, have 
had wider experience of work and of life, and who 
have made that experience minister to their will and 
6ucceSw«. The writer of these lines has had, during a 
somewhat long life, and an extended experience with 
many classes, occasion frequently to observe that 
youths were generally successful in life who had, if not 
for companions, at least for trusted and often -consulted 
friends, men much older than thems- elves. This liking 
for the company of men of maturer years and riper ex- 
perience than they am possibly possess is in itself a 
good indication of the fact that they are, if not posi- 
tively tree, at lefist desirous to free themselves somewhat 
from that fatal fault of youth, overweening confidence 
in themselves: the notion, in fact, which so many 
of the young possess — although they do not readily 
own to the fact that they possess it — that they ai’e 
embodiments of wisdom, to whom might well be 
applied the sarcastic and suggestive words of Job, 
‘^Verily, ye are the people, and wisdom shall die with 
you.” This evident desire on the part of youths who 
have a liking for men older and more experienced 
than themselves is, therefore, of good augury for their 
future success in life. One of the best, and, as they 
will find it to be, one of the most valuable lessons 
which it gives, is to look to sources outside of them- 
selves for knowledge of facts, and for counsel and 
advice. “ Self-help ” has been lauded enough of late, 
and we are ready as most tp join in its praises, for 
without it no one can be successful in life ; but this 
extreme laudation has tended, and still tends, to keep 
out of view the great value of another help in life — 
neighbour-help,” or ** friend-help.” The youth who 
disdains this, and concludes that he is all in all to 
himself, will have early and bitter experience of the 
truth that if he leans only upon himself, trusts only 


to his own wisdom, his own experience, he leans upon 
a weakened reed, which, breaking, will pierce him with 
pain and cause him grievous ill. The wise youth will 
learn to value each kind of help at its true value, and 
will not be long in discovering — the finding of it out 
is one of the turning-points in life — that the happy 
combination is where both self-help and neighbour^ 
help are availed of. 

We have said that the value of matured experience 
of others which is granted to youth by thote older 
than themselves cannot be over-estimated. And by 
way of encouragement to retiring youths, who may be 
afraid of being judged as foi*ward, if not vain and 
impudent, in making ad vances to secure the friendship 
of older and wiser men than themselves, w^e can, from 
some experience, say, that no good and wise man (wise 
because good) will repel the advances of modest youth. 
Far otherwise will the fact be found ; he will encourage 
rather than rebuke ; and nothing will more surprise 
modest youths than in such cases to find not merely 
the readiness with which they will impart the trea- 
sures of their experience, but the obvious pleasure 
they take in doing so. And although willingly at- 
tributing this to the highest motives, we need not lose 
sight of the facts of human nature met with in life, 
so that wo need not bo surprised at this ready willing- 
ness of experienced men to be friendly advisers and 
communicators of their experience to youths who 
desire to approach them. For as human nature is 
constituted, there is something pleasing, some might 
use the term flattering, to one, in being approached 
at all — as all true men like confidence in them to be 
displayed — much more if approach be made with an 
evident desire to gain information; for most men, 
however humble they may be, feel kindly disposed 
towards those who thus pay them the compliment of 
believing that they know much, and have, therefore, 
much to communicate. 

In considering the Question of Technioal Education, Men must 
be taken as they are— Facts as they Exist around ns.— 
Human Nature one of the most Important Factors in the 
Solution of the Problem. 

The student beginning life who reads our various 
paragraphs must not take the impression that con- 
siderations such as these just delivered, and others to 
which we are about to direct his earnest attention, have 
little to do with the practical work of technical study. 
He may at first sight think so, and that all matter of 
this kind is more concerned with moral than with 
intellectual considerations. But if he will only in the 
meanwhile take it for granted that such considerations 
are closely connected with the subject, and thereafter 
proceed with us in what we have further to say, we 
jAst to be able to show that they cannot be over- 
looked, or if neglected, neglected without certain loss. 
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THE TEOHHICAL BTUmSSTB ZVTSOSVCTIOH 
TO THE OSIEBAL FBIHCIFLE8 OF 
ICBCEAHICS. 

IiAWB AJTFBCTtKG NA.TUBAL PH^OMBNA — MATTEB 

AJTD Motion. 

CHAPTER XXVI. 

At tho conclusion of last chapter we stated ^at the 
finish of the cap or upper courses of a chimney stalk 
was generally considered as a matter of no moment. 
Mr. Carmichael has, however, pointed out the fallacy of 
this, and showed how a great deal of the efficiency and 
importance of a factory or large chimney stalk de- 
pends upon the finishing of the top. Tlius, by finish- 
ing the top by an arrangement shown in elevation at 
V and w, plan at x x in fig. 23, several advantages 
were obtained and defects cured. The defiecting plates, 
as Wf of brickwork are arranged in cross fashion or 
diagonally, as shown at plan in x a;, meeting in 
centre and leaving opening for the smoke. 

Beooil— Blows— StrUdag. 

We give these illustrations to show that the 
student by a little thought to his study can, by very 
simple means and cheaply devised and constructed 
appliances, illustmte various physical laws in so 
forcible a manner that they will be impi’essed upon 
his mind with tlie force of concrete facts rather 
than, as in the case of a mere reading of them, by 
their abstract ideas. The laws explained in these 
paragraphs the student will find exemplified in many 
of his operations in the workshop, if he will but 
devote some thought to what he is engaged in. In 
striking or driving up bodies he may, if not careful 
in deciding the directions of the blows, have a 
painful exemplication of the law that the angle of 
incidence is equal to the angle of reflection, by sustaining 
a shock or a blow upon which he did not reckon. 
And he may have driving up to do in such positions 
that he must perforce illustrate this law, if the work 
is to be done in the best and safest way. The 
action of the law is in fact illustrated or enforced 
by the common saying “ a weU-directed blow” How 
this is so the student will see by thinking over it. 
Viewing the effect of a recoil in striking and struck 
— impacting and impacted— due to the law 
of repulsion as caused by the action of springs 
between the bodies, which are first pompressed or 
changed from or expanded into the original form and 
positions, we have some very curious and to many 
unexpected results to which the name of mechanical 
may be given. We have seen that in the recoil of a 
body from the surface of another body, and both of 
them elastic, in which the direction of the force is in 
a straight line at right angles or nearly so to the 
struck or impacted surface, or in the same direc- 
tioBi theoretically the force of the recoil is equal 
VOL. in. 


to that of the projecting force with which the body 
was driven up against the surface, when the bodies 
are equal in mass. But we have some curious and 
what appear to be paradoxical effects produced by 
the recoil of bodies between the size, mass or weight 
of which there is a decided difference — that is, when 
a small body sfrikes a large body. Beginners in 
mechanical work who are not careful may find, for 
example, that the blow unexpectedly received from the 
recoil or rebound of a small hammer from the face of 
an anvil which is struck by it seems to them to be the 
measure of a much more powerful blow, or to be .a 
“stronger,” than what appears to be reasonably or 
precisely due to what they felt to be the strength 
of the original blow. And it is so in reality, for 
the force of the blow given is greater than that of 
the blow which caused it. So decided is this action 
in some cases, and so curiously exemplified, that 
not a few who indulge in the dreams like those 
of seekers after a perpetual motion, or in other 
words, the making of a power which will at once 
create and maintain its own force, draw from them 
as conclusion that this wonderful power is within the 
reach of the mechanic. For here apparently, in the case 
above quoted, there is a force— -the extra strength or 
force of the recoil — which is created, for it did not exist 
in the original blow. But the curious and to the 
popular mind unexpected effect is easily accounted for 
in the case of small bodies striking or impacting 
against large bodies : thus, a ball strik'mg against a 
much larger ball, and recoiling from it, gives to the 
lai’ger ball a blow or momentum greater than that 
which it possesses itself, and tlxis equal to the force 
w^th which it (the small ball) rebounds ; for, still keep- 
ing im view the motion of a spring between the two 
bodies, this spring acts equally in both directions. 

Fractioal Point! Enumerated,— The Principle of Aetion and 
Beaotion. 

The points involved in the principle of “action 
and reaction,” explained in the preceding paragraphs, 
must be carefully considered by the mechanic in de- 
signing machines. Those have to be considered from 
two points of view ; first as combinations of parts 
which under statical pressures ore considered to be at 
rest, so that there should be what practically results 
as a balancing of parts, in which the weight and 
the breaking strain or pressure which it. exerts in 
one direction is counterpoised, so to say, by a weight 
exerting an equal pressure or strain in another 
direction. But it is when the machine is considered 
from the other point of view— as a combiimtion of 
parts in motion— that the importance of attending to the 
principle of action and reaction is seen. The arrange- 

ment of the parts of a machine which normally are at 
rest comes under the head of what may be called a 
“ statical ” or standing balance of the weights and 
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pressures or strains of parts. The arrangement of 
the parts which are in motion come under the head 
of what may be called a dynamical ” balance, or 
balance of moving or removing parts. It is, however, 
to be noted that the two balances are involved in the 
consideration of the design of the moving parts of 
machines. Thus, a shaft which has a motion of 
revolution the balancing of the reactions of which is 
in its relation to other moving parts comes under 
the head of a dynamical or a running balance ; but as 
a single element in the machine it has to be con- 
sidered in the relation which it bears to the resultant 
of the weight or pressures under the influence of 
which it acts or is loaded, as well as of other 
weights or pressures acting upon it. In this case a 
statical or standing balance is eflfected by taking care 
that the resultant of the weight or weights should 
pass through the axis of the shaft. For example, this 
is effected, in the case of the main shaft of a steam 
engine,' by adding counterpoise or balance weights 
in such a way that the pressure or weight strain 
thrown upon the shaft by the crank or cranks and 
the eccentric or eccentrics is counterbalanced. In 
such a case, half of the weight of the connecting rod 
has to be taken as a load or strain acting on the 
crank pin to which it is jointed. In beam engines 
the weight of the beam — or beams, as in side lever 
marine engines— of the piston, piston rod, parallel 
motion, etc., should all be so arranged that they may 
be balanced at, or that the resultant of all their 
pressures, loads or strains should pass through the 
axis of the main shaft or centre. But the points 
involved in the principle of action and reaction are 
most strikingly exemplified in relation to the moving 
parts of a machine. In those, especially where they 
run ” at a great speed, it is obvious that any parts 
improperly or carelessly balanced will give rise to 
undue strains, shocks and jars, which will prove very 
prejudicial to the life of the machine. All motions in 
machines are resolvable into motion in two directions 
only, one of which is motion in rectilineal lines, or 
reciprocating, oscillating or vibmting parts, and the 
other motion in a circular direction or motion of re- 
volution round a centre. Generally the reactions of 
reciprocatory parts, such as those of beam and side 
lever engines, are balanced by the same provisions 
which are made to insure w-hat we have seen to be 
the standing balance of moving parts. Much depends 
upon the character of the motion of the machine : thus 
in direct-action steam engines the reactions of the 
piston and its connected parts cannot be accurately 
balanced without inducing unbalanced centrifugal 
forces. This will be evident by considering the main 
shaft, through the axis of which the resultant pressure 
of the parts passes, as balanced by counterpoises fixed 
ai the aideof the shaft opposite to the crenks, so as to 


balance the .weight of the parts concentrated at tho 
cmnk pins ; for the centrifugal force of those counter^ 
poises balances the reactions only when the force acta 
in the direction of the stroke of the engine, but not 
when it acts transversely to this, in which case a. 
centrifugal force guaranteed by the counterpoises is 
itself unbalanced. In the case of parts in motion 
having^ a motion of revolution, or turning round 
a given centre or shaft, what we have called 
the statical balance of parts must be secured by 
having the weight of the revolving part equally 
disposed on all sides of the centre or axis, so that 
the weights or strains communicated to that axis 
shall always be equal and opposite. Thus, if we have- 
a weight acting one side of the axis, we then make a 
balance of the paints, and thus have the centrifugal 
forces generated by the two weights equal and 
opposite, and thus have a good running or turning 
balance. In connection with what is called centri- 
fugal couples, it is to be noticed in the present con- 
nection that to secure a coeilicient running balance of 
parts of machines having a motion of revolution round 
a central shaft or axis, the counterpoises or balanced 
parts or weights should be placed on a“ shaft, so that 
centrifugal couples may not be created ; or if by the 
necef^ities of combination of the parts of the machine 
those couples are created, then they should be se 
arranged as to balance one another. 

Motion in Straight Lines. 

Much as has been said on the subject of motion, and 
numerous as Lave been the pmctical applications of 
the phenomena which it exhibits, we have by no means 
exhausted all that can be said of it. After what haa 
been stated as to the phenomena of accelerated and 
retarded motion arising from or caused by the twa 
great and the only two forces existing in nature, — 
attraction and repulsion, — the youthful mechanical 
student may have, at first, a great difficulty to perceive 
that all moving bodies have a tendency to keep in 
uniform or ecjual motion — that is, not quick at one 
time and slow at another. To perceive this great 
truth clearly will require a little ‘‘thinking of it over,’" 
and if he give this he will see that the natural 
tendency of all motion is to be in this uniform or 
equal condition. If it were not so, if this law did 
not exist, the reader will perceive that there could bo 
no calculations mside as to anything connected with 
motion, which could be relied upon; for, if a body 
in motion had at one time a slow and at another a 
quick velocity, and this change was of necessity, under 
such circumstances it would be quite uriceriain as to the 
times or periods when the change would develop itself, 
— it would be, so far as man is concerned, an unknown 
qt^tity; it might be any time, for the change 
might be taking place fx-om quick to slow motion at 
the very time he was calculating upon it as being of 
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a oertam velocity. There would, indeed, be nothing 
certain in any of the natural phenomena, no matter 
whether concerned with the eources of motion, or with 
the planetary bodies, the motion of which gives us the 
only idea of ‘‘time” we practically have. It is just 
because motion is naturally uniform that we can cal- 
culate as to time, and therefrom calculate as to all 
motions. 

TTnUbmiity of Motion. 

In saying that motion is uniform, or naturally 
uniform, it does not in the slightest contradict what 
has in the preceding paragraphs been said as to the 
different varieties of motion, which is, as we have 
seen, caused or brought into existence by what we 
call a “ force,” — and so long as this force is in its opera- 
tion left to act, that is, is not influenced by another 
force, the motion which it gives to the body remains 
unchanged. The motion thus influenced, motion not 
subjected to any second force, is therefore uniform, 
Uniform motion may, however, be relative — that is, 
in relation to or in comparison with the motion of 
some other body, whatever that relation is, always 
uniform — that is, it is maintained throughout. But 
this only so long as no disturbing cause comes 
into existence; and, if it does, we then find that 
all changes from the uniformity are proceeding in 
proportion to the extent and influence of the disturbing 
cause. This is but another way of saying that uni- 
formity of motion can only be done away with by 
introducing the action of some force other than 
that which originally caused the motion ; or that each 
variety of motion has a certain velocity, which will be 
infinitely maintained, but if it is found to possess at a 
certain point a greater velocity, it shows that a new 
force must have come into existence or been brought 
to bear upon the body, otherwise the change in velocity 
could not have come about. And the converse, when 
the original velocity is made to be slower, holds 
equally true. This following well-known law we 
have previously explained, showing that a body cannot 
be brought to rest which is in motion without a 
fresh or new force or cause, any more than a body at 
rest can be set in motion without a forc^ or cause of 
some kind. Hence, also, it follows that the natural 
tendency of all moving bodies is to move equally. 

Changing the Direction of Motion. 

From what is said above, it follows that the natural 
tendency of bodies in motion is to move in straight 
lines. This must be so, for as new foi’ces must be brought 
into play to produce new veloeitie.s, and changes in 
the natural uniformity, so new forces must be brought 
into action in order to change the direction of a moving 
body, which original direction must be straight, or in 
a right line — ^that is, in a direction the same ne the 
acting force, for all single forces act in straight lines. 
The clearest conception we have of a straight line is 


the course taken by a stone falling from a height, or 
from the top of and clear by some distance from the 
body or masonry of a tower. Or, if the motion be 
reversed, and we project the stone upwards by some 
force which acts in a direction precisely at right angles 
to the surface of the earth, we have a clear conception 
of what a straight line is. We see this straight line 
more obviously and easily in the case of a jet of 
water thrown from a vertically-placed tube. But an 
infinite variety of phenomena in nature exists around 
us to show that all motion is naturally straight when 
left free from all disturbing influences or forces. A 
ball projected from a cannon does not go straight and 
in the course which it originally had, simply because 
the force of gravitation or the attraction of the earth 
bends or deflects it from that straight course. But 
the student must be careful to note that this curved 
or bent line which the ball takes as it approaches 
the earth does not affect the truth of the statement 
that the motion is naturally in or has an invariable 
tendency to go in a straight line. For, while this 
bend or curve towards the surface of the earth is 
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Fig. 24. 

caiisec]^ by a force other than that of the projecting 
force, which is the repulsive force of the explosion 
of the gunpowder— namely, the force of gravitation 
— the direction o^ motion of the ball, or, to use the 
technical term, the flight or path of the projectile, is 
otherwise absolutely and perfectly straight (as from 
point a to h, fig. 24), in the sense that it does not 
deviate either to the right hand or to the left, as from 
a to c or to d. On this tendency of all bodies to 
move in straight lines depends the whole practice of 
what may be called the mechanics or science of project- 
iles — that is, using the better term to denote all classes 
of “ordnance,” military Artillery or ordinary fii'carms. 
If this principle or law or tendency did not exist, no 
rifleman or artilleryman ^uld ever calculate on hitting 
the mark he aimed at. If the aim be absolutely true, 
he knows that, making certain allowances for winds or 
breezes, the ball will hit or strike the point aimed at, 
or to use the popular phrase, which in this instance 
at least is als<F scientifically correct, the ball “ will go 
straight to the mark.” But the youthful reader may 
yet fail to see how the force of gitivitation, as in the 
instance of the ball a or projectile (fig. 23), which 
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bends away from its straight course in the line of 
its parallelism to the surface of the earth, as in the line 
h c, is to be overcome, for this force is always acting 
on bodies moving or free in the air ; a d! is this 
parallelism. Supposingthe height of the ** bull’s-eye,’* 
of the target to 1^ at the same height from the ground 
as the height b a, the eye of the rifleman, or the line 
of centre of the cannon or gun,” all that is necessary 
is to have such a force of projection— -that is, such a 
charge of gunpowder — that the ball will at least be 
projected as far as the point d before the force of 
gravitation begins to act. Practically a much larger 
allowance than this is given, or a wider margin of pro- 
jectile force to the ball. In other words, and in more 
accurate terms, the explosive force of the gunpowder 
must be such that the weight of the ball will be 
prevented from acting so as to cause it to drop or 
have a tendency to (kop, until at least the point d 
be reached. It may go in the same line as to the 
point e, after which the projecting foixje gradually 
weakening, the ball i^eaches the ground say at the 
point /, it taking a curved course, as already explained. 
The youthful reader must note that the parallelism of 
the line of path of projection a / to the earth’s surface 
6 c is not absolutely necessary to be mentioned, and 
is in practice being perpetually altered: for awhile 
the height of the target or bull’s-eye rf, as in rifle 
practice, remains the same ; the height of the eye of 
the rifleman at a is ever varying. So that while 
one, a tall rifleman, has to shoot down to the target, 
another, a short man, has to shoot up to it, — as in 
field sports a man in killing a rabbit or a hare shoots in 
the line a g, and in shooting a pheasant or a grouse 
in its flight he has to shoot up as in the line a h. 
But in all the cases the force of projection given to 
the ball must be such that it will carry out at least 
as far as the point e, p, or A, before the weight of the 
ball begins to act, causing it to drop, or before in other 
words the force of the attraction of gravitation comes 
into play. So far as the principle is here concerned, 
while it is true that the tendency of the motion of 
the ball is in the absolutely straight line, as a b, a c, 
or ad (fig. 22) ante, it is, however, to be noted by the 
youthful reader who is well acquainted with the fact 
that there is bad shooting ” and good shooting,’’ 
that there may be — in practice to a large extent there 
are— influences at work modifying what is called the 
‘‘ accuracy of the arm,” which means the correctness 
of the results. We do not here refer to what is 
known as a “good eye” as a powerful element in 
securing the success of a marksman: we refer to 
modifying causes which are mechanical. Every 
player at “ bowls ” knows what is m^t by the “ bias 
of the ball,” which gives it a tendency, even under skil- 


ful playing, to deviate from the straight line in which 
it is first projected from the hand of the bowler 
to a curved line such as that which the skill of the. 
player shows to be necessaxy in order to place his ball 
in. Now, this deviation has its origin in two directions : 
first in the “bias” or shape of the ball, which is a 
certain deviation from the absolutely correct spheroid 
form ; and secondly from the controlling force, so to 
call it, of the friction between the surface of his ball 
and the grass of the bowling green. How this modi- 
fying the straight or natural line of motion of the 
ball comes about, we shall see in a succeeding para- 
graph, in taking up curved lines of motion. But 
modifying influences in the practice of projectiles of 
mechanical character naturally alter its results. And 
just as we find that an arrow when shot or projected 
from a cross-bow with neither barb nor head will 
have a very unsteady, or as it is termed a wabbling 
course through the air, but by giving it the heavy 
barb at the one end or point, and the double feather 
head, we make it fly steadily and stiaight through 
the air, — so we find that by modifying the ball and 
its motion through the air we give it a straight- 
ness or directness of motion not otherwise attainable. 
This constitutes the art or science of “rifling” 
of ordnance. A cannon-ball not absolutely or truly 
a spheroid has a “ bias ” or tendency to deviate from 
the straight as much as the irregular sphere or ball 
of the bowler, — this acting in relation to the air 
just as the ball acts in relation to the grass- covered 
surface. By modifying the surface of the ball, giving 
it as it were a further recoil of the arrow by projecting 
surfaces, and by modifying its motion so that while it 
has a progi'cssive motion due to an explosive or repul- 
sive force of the gunpowder, it has also a motion round 
its own axis or diameter line, ive overcome the tendency 
modifying the straight line of its course, and force it, 
so to say, to keep to this. Ajid this rotation of the 
ball round its own axis, or the “ spinning ” of the ball 
as it is termed, is caused by having not a smooth bore 
or internal periphery to the cannon, but a grooved 
or channelled surface, this forming a part of a spiral 
or vertical course. Hence also the shape of the ball 
may be and is so altered that, assuming a form quite 
distinct from a sphere, it is no longer entitled to the 
old name of ball, but assumes the modem name of a 
“ projectile.” 

lUttttratioa Oo&tlnued of Toadoney of Bodioi to Move in 
Straight Lixioi nadar the laflaeaoe of a Voroe. 

Ajx ignorance or overlooking of this, the natural 
motion or tendency of moving bodies to go in a 
straight line, has given rise to grave errors in 
mechanical or engineering construction. We illus- 
tra^ a few points in connection with fig. 24. 
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THE IEOH XAOE: 

TSs Details of hib Wobk aed the PBiKciPLEfl of its 
Pboobsskb. 


CHAPTER X. 

ITiirthsr Astion of tka Spongy Iron in tha Unit Fninnca.— 
Carbon. 

At the end of the last chapter we referred to the action 
of carbon on the particles of spongy iron, and gave a 
note or two in connection with it. In continuation 
of the subject we have to state that by this action 
Sir I. L. Bell believes that the ore, to use his own 
words, ‘‘during its reduction becomes impregnated 
with a large quantity of finely divided carbon,” which 
he considers to be “ an agent of much importance in 
the operation of the blast furnace.” The capacity of 
the oxide of iron to take up the carbon thus provided 
is very great : one authority, indeed, states that, under 
such circumstances as Sir I. L. Bell has shown to exist 
in the blast furnace, a mass of oxide of iron will take 
up as much as four times its own weight of carbon. In 
practice, however, the resulting alloy of carbon and 
iron, or of iron and carbon, contains a very much less 
proportion or percentage of carbon, this varying from 
2 up to nearly 5 per cent. 

Differsnt Zonsi of the Blast Pnniaoe.— f uU Bod Heat.*’— 
Bright Bod Hoat.*’— Whito B[oat.'*— Tho Cnieiblo of 
tho Fumaoo. 

The absorption or taking up or amalgamation with 
the various constituents we have named by the mass 
of spongy iron present at the zone of the blast furnace 
which we have still under consideration, tends to 
increase the fusibility of or the ease with which the 
iron can be reduced or smelted by the action of the 
high temperature of the fuel combustion. And it 
is when the absorbing or combining process is com- 
pleted — in the zones marked in the diagram, fig. 1, 
Plate CLXVII., which are known as the zones of 
“ full red heat ” and “ bright red heat,” but which we 
have comprised under one zone, to which we have given 
the name of that of “ absorption ” — that the process 
of complete fusion commences, it being completed 
at the zone termed the “zone of fusion” (see same 
figure). The blast furnace at this point becomes 
much reduced in diameter, and is indicated by the 
angular lines d r q, fig, 1, Plate CLXVII, This 
narrowing or decreasing of the area of the furnace 
between those lines in which the zone of fusion 
is comprised is rendered necessary by the decreasing 
bulk of the iron now in a state of fusion ; and 
it serves also to intensify the temperature which 
at the lowest point, or that at which the “ crucible ” 
— as it is called — of the furnace is situated, at the 
point where the furnace is at its narrowest, is at 
the “ white-heat ” zone. When the smelted iron in 
its downward course passes through this white-heat 


zone, the fusion or reduction is complete. The mass 
of melted metal thus assumes the lowest position, the 
“ slag ” or glass-like silicates being lighter or of less 
gravity, floating, so to say, on the top of the melted 
metal. 

Completion of the Froeeee of Bednetloa of the Ore in tha 

Blast Fnmaoa.— Final Prodneti.-Pig- or Oait-Iron.— 

Blag. 

The metal is now ready to be withdrawn from the 
furnace, which is done by opening the tap hole ; and 
after it is withdrawn the melted slag is next taken 
out, the two products being thus quite distinct and 
separate. The action of the intense heat which reigns 
in this the lowest or crucible part of the furnace — 
which is at the region where the heat-producing blast 
from the blowing engine is supplied — would be to bum 
or* otherwise destroy or deterioriate the quality of the 
iron if it were exposed to it. The molten metal is, 
however, protected, and by the natural relative dis- 
position of the slag, which we have seen above floats 
on and lies upon the surface of the molten metal, it 
arrives at a certain point in the height of the crucible 
or the hottest portion of the furnace beyond which 
the depth of the “ bath ” or mass of molten metal is 
not allowed to increase. When this point is reached 
the furnace is “ tapped,” and the metal withdrawn 
and run into a channel or mould formed in the sand 
which constitutes the floor — so tp say — of the space 
in front of the blast furnace devoted to the running 
out of the metal. Those main channels or moulds 
are termed, in the strange technicalities of the iron 
districts, “ sewers.” Branching off from those main 
channels are minor ones, or moulds, into which the 
maiten metal runs, and these branch or subsidiary 
mouldl& or channels are termed ‘*pigs.” Hence the 
terin by which the long bai*a of cast iton, so familiar 
to every one, are known to the trade, of “ pig iron,” or 
simply “pigs.” The length of these “pigs” is about 
four feet, and the cross section shows a rounded top 
with a flat base, the breadth of which is about three 
to four and a half inches, and the thickness at the 
deepest part of the curve some three to three and 
a half inches or thereabouts. 

« Trade ” Qualitiee of the Iron produced by the Bedaotion 
of the Ores in the Blast Furnace. 

From what has been given in preceding paragraphs 
on the qualities and constituents of ores, and on the 
action of the blast furnace on them, and the elements 
of the “ charge” used therein, the reader will readily 
perceive that the quality of the iron produced will 
vary very much in physical structure and in the 
elements of constructive strength. The trade decides 
the qualities o^ cast or pig iron by classifying them in 
a general way under two great divisions, the colour of 
vrhich gives the class. These two classes are known 
as the “grey” and “white,” the descending order 
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here denoting the position of their constructive value, 
the poorer iron coming under the white, the better 
under the grey. There is, however, a third class, 
which is intermediate between the grey and the white ; 
to this the name of mottled iron is given. The 
trade distinguishes the dii&rent varieties of cast- 
iron by numbers. They range from ‘^No. 1*’ to 
No. 6.^* The ** No. 1 ” shows a fracture largely 
crystalline, with a dark grey colour. This, in the 
work of the foundry, is much used for articles in 
which great strength is not required so much as a 
capability to give sharp and well-defined outlines or 
edges. This chai'acteristio depends upon the fusi- 
bility of the iron, or the comparative ease with which 
it can be melted, and its fluidity, which admits of its 
penetrating, so to say, all the finer intricacies of the 
mould. This No. 1 ” is also used in foundry prac- 
tice to mix with the other varieties or higher numbers, 
as No. 2 ” and “ No. 3,'^ which are less fusible than 
“No. 1.” “Nos. 2 and 3” have the grain propor- 
tionally smaller than that of “ No. 1,” with a colour 
gradually getting lighter. Those irons — “No. 1,** 
“ No. 2,’^ and “ No. 3 ” — constitute what in a general 
way are called “ foundry irons,” or what may be 
strictly called cast-irons for moulding purposes. The 
higher numbers, as “ No. 4,” “ No. 6,” and “ No. 6,” 
are known as “ forge irons,” and are classed generally 
under the “white” variety. We have ended the 
description of “ No. 3 ” by stating that its grain is 
finer and its colour lighter than those qualities in 
“ No. 1 ” ; and it is at this point, in ascending to 
the higher numbers, that the variety known as 
“mottled” appears. This is distinguished from 
“ No. 3 ” by having patches of a lighter colour, and 
when these are very pronounced or decided then the 
name “ mottled ” is applied. As these light-coloured 
“clouds” or patches increase, and the dark-grey 
colour disappears, the metal comes under the class of 
white, of which “No. 4” is the first and “No. 5” 
and “ No. 6 ” are the two highest — at which point the 
lowest or poorest grade of iron in constructive value 
is reached. Those white irons are hard and brittle, 
and are difficult to melt or fuse. The “ No. 4 ” is 
chiefly used to mix the lower and softer varieties, as 
Nos. 1, 2, and 3, imparting to them some of its 
characteristics. 

We have seen in the last chapter that the cast iron 
of commerce is not by any n^eans a pure iron, being 
in the best of qualities well, and in the worst very 
far indeed, removed from this. The iron of commerce 
is, in fact, an alloy of varying character according to 
the constituents present in it. We have seen how 
these became present in the iron, and^how they are 
absorbed or amalgamated from the debasing con- 
stituents present in the materials or charge supplied 


to the blast furnaces. Iron, strictly speaking, is 
an alloy of carbon and pure or metallic iron; the 
other constituents, such as sulphur, phosphorus, 
silicon, and manganese, being debasing or deterio- 
rating elements. Although the two last named are 
less debasing than the two first named, in some 
respects manganese is a useful, not a debasing 
constituent. And it is on the proportion in which 
carbon is present in the iroh alloy which forms the 
cast iron of commerce, that the existence or forma- 
tion of the various “ Nos. ” depends. The condition 
in which carbon exists in the cast iron of commerce is 
a disputed point amongst metallurgists. One class 
maintain that it is present in iron in two forms or 
conditions — one of them being chemically combined 
with the metallic or pure iron, the other being 
mechanically combined or mixed with it. The 
chemical combination is called a “carbide of iron,” 
— the mechanical combination is by this class of 
metiillurgists known by the name of “graphite.” 
This view of the alloy of pure metallic iron and 
carbon which constitutes the cast iron of commerce 
is that generally held by those connected with the 
trade. It is right, however, to state that there are 
some who maintain that the carbon of cast iron is 
already present, chemically combined ; but taking the 
generally held opinion, the difference in the qualities 
of the “Nos.” of cast iron arises from the different 
amounts or per-centages of graphite which they con- 
tain. It is to the presence of graphite in compara- 
tively high proportion that the fusibility and fluidity 
of the “ No. 1 ” variety, and to the absence or com- 
parative absence of it in the higher “ Nos.,” that their 
hardness, brittleness, and difficulty to be fused or 
melted, is due. 

Fraotioal Manageoieiit of the Blast rnmaoe. 

When a furnace, newly erected, is about to be 
started, the first precaution that should be taken is 
to see that it is completely dry : the smallest amount 
of moisture will afterwards prove injurious, and any 
trouble or expense taken in the first instance to 
insure this particular will be fully repaid. The fire 
in the furnace should be small at first, and increased 
or enlarged by degrees in such a manner that the 
draught created be strong enough to dry the place 
thoroughly, but not so intense that actual damage is 
done in the way of cracks, etc. The current is usually 
easily regulated by admitting air at the front or fore- 
part, and covering both filling places and tunnel head. 
The entire furnace and supporting masonry having 
now been ascertained to be free from damp, the 
fuel may be carefully and gradually added. In large 
furnaces, such as are commonly employed in the 
demand district, the precaution of dryness is 
specially important. 
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XSX BTULDmO Am TEB XAOEIHE 
DBAUBHTSXAK. 

CHAPTEB XXI. 

Bow to Projoet Buildirng Plano in PoropoeUvo. 

Xk continaation of this subject, commenced at end 
of last chapter, we have to i-emark that it is said 
of the late Mr. Edmund Street, the welhknown 
architect of the Metropolitan Law Courts, that he 
always designed in perspective. Whether true or 
not, the system of doing so is an excellent one, par- 
ticularly in the case of buildings portions of which 
are recessed from the general line of frontage ; if the 
elevations of such a. building are prepared only in the 
ordinary manner, they may, although thoroughly satis- 
factory on the drawing, be exceedingly disappointing 
when erected. An example showing how this may be 
the case will be found below. Perspectives are of 
course not limited to the exteriors of buildings : many 
portions of the interiors should also be illustrated. 
Thus, if designs are being prepared for a large villa, 
internal perspectives should be drawn of the staircase, 
hall, billiard-room, dining-room, and conservatory; if 
of a church, interior views of the nave looking west 
and of the chancel looking east are desirable. When 
a large number of buildings are grouped together, as 
in the case of a workhouse or lunatic asylum, or if a 
large building is surrounded by a number of subsidiary 
buildings and inclosures, as in the case of an extensive 
farmstead, “ bird’s-eye views ” should be prepared, 
showing the general grouping as seen from an imaginary 
point overlooking the whole site, or as they would 
actually appear if seen from a tower or hill. In this 
paper and the accompanying illustrations we propose 
to give a few necessarily simple but practical exam- 
ples of what may be called ‘‘ applied perspective,” as 
a general guide for the young architect and student. 
The process or system of working out the perspective 
will be explained step by step, so that every portion 
may be thoroughly understood ; the reader is advised 
to make sure that he comprehends each statement 
before proceeding to the next, to avoid becoming 
•confused and discouraged. Examples of exterior 
perspectives will be given. 

The seven technical terms stated below must neces- 
earily be used in the course of the paper, and a short 
•explanation is appended to each ; it should be perhaps 
first stated that a perspective is the representation of 
A building, or of any object, as it actually appears to 
the eye of an individual looking at it. 

The terms will be easily understood if the reader 
imagines himself placed in front of any large isolated 
building, say a warehouse, in such a position as to be 
able to observe two frontages simultaneously. 

1. The point cf eight is the point from which the 
warehouse is ^een— that is, the eye of the observer.'^ 


2. The station point is the spot on which the “ ob- 
server ” stands ; on the drawing it is a point vertically 
below the point of sight. 

3. The picture plane is an imaginary plane, such as 
a sheet of glass, paper, or ’canvas, placed between the 
observer and the warehouse, on which the view as seen 
is supposed to be drawn. 

4. The horizontal line is an imaginary line drawn 
across the picture plane from right to left, level with 
the point of sight ” or eye of the ** observer.” 

5. The ground line lean imaginary line drawn across 
the picture plane parallel to the horizontal line, as far 
below it as the station point is below the point of 
sight. 

6. A line of heights is an imaginary line drawn on 
the picture plane, at right angles to the horizontal line 
and to the ground line, on which the various heights 
are marked off. 

7. The vanishing points are points to which the 
horizontal lines of the elevations of the warehouse 
would converge if prolonged : if the elevations are 
attentively looked at it will be noticed that the lines 
of the cornices, string-courses, and plinth appear to 
incline towards each other. The tendency of long 
horizontal and parallel lines to converge when seen in 
perspective is sti'ikingly apparent to any one looking 
down a long, straight street. These technical terms 
will be more thoroughly understood if the diagrams 
shown on Plate VIII. are carefully studied and 
re-drawn to a larger scale by the reader. 

Let A B c D (fig. 1 ) be the plan of any detached 
building of which it is proposed to prepare a per- 
spective : the first step is the selection of a “ station 
point,” or the position a spectator looking at the 
building when erected must occupy in order to see 
the view that is to be shown on the drawing. It must 
be evident that the building might be viewed from 
many positions, from each of which a different viow 
would be obtained. It is the duty of the architect 
to select the best position. Thus, from the point E 
only the front could be seen ; from the point f the 
front and the left-hand side or west elevation ; and 
from the point g only the front and the right-hand 
side or east elevation. It need scarcely be pointed 
out that both the left and right-hand sides of the 
building cannot possibly appear on the same drawing ; 
if views of both are required, two drawings must be 
prepared. From any qf the three positions, B, r, o, 

' the front of the building will be visible ; the archi- 
tect must therefore decide whether the left or the 
right-hand side is to be included in the view. Let us 
assume that the front and the right-hand side or east 
elevation, b q, c n, are selected to be shown in the 
perspective. The position of the station point, o, may 
of course be varied considerably within certain limits : 
it might be placed much nearer the comer of the 
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building, c, or xnacb farther away ) or it xoight be 
placed more to the left, in which case more of the 
front would be seen and less of the side ; or it might 
be moved farther to the right, when more of the side 
and less of the front would be visible. It is not usual 
to select a station point fi'om which the two elevations 
would appear to be of equal length. From the point 
G more of the front, the more important and longer 
elevation, can be seen than of the side. The distance 
of the point G from the comer of the building will, of 
course, depend on the 8unx)undings of the site. If it 
is situated in a narrow street, the distance will be 
limited by its width ; if there is no limit of space, it 
can be placed anywhere. In the diagram the dis-* 
tance c a is made equal to the length of the diagonal 
A 0. The reader must not assume that this is done in 
accordance with §my rule ; none can be given for his 
guidance, but in many ordinary cases the distance 
c o may be made equal to the lengths b c, c n, or to 
the diagonal a c. Presuming the point G is selected 
as ‘Hhe station point” — that is, the position from 
which the building is to be viewed — then the eyes of 
an individual stationed there, and looking at the 
building, will represent the “ point of sight ” ; and on 
the plan (dg. 1), both the station point ” and the 
** point of sight ” are indicated by the letter g. 

It must be evident that if an individual stands at 
the point g and looks in the direction of the building 
A B c n, the point b will be the extreme point visible 
on the left hand. Similarly the point n will be the 
extreme point visible on the right-hand side. Join 
the points b and n to c by the lines b g, n g, as 
shown in fig. 1. It has been found by experience 
that the most pleasing perspective is obtained, ^ if 
the angle b o n is an angle of sixty degrees, by 
moving the point g nearer to or farther from the 
point 0 ; the angle bod can, of course, be altered to 
any extent. 

The picture plane ” must be obtained next. Con- 
nect the point g with the nearest point of the plan c 
by the line o o, and draw any line h h at right angles 
to the line o o ; then the line h h will be the picture 
plane” — which, it has been stated above, is an 
imaginary sheet of glass, paper or canvas placed 
between the observer and the object looked at. It 
will be evident that the extent of the perspective, as 
it will appear on the “ picture plane ” h h, will be equal 
to the length J J, which are the points at which the 
lines B g, n G, cut the line h h. It is now necessary to 
determine what size the perspective is to be made — 
that is, its length from right to left. The only limit 
is the size of the sheet of paper on which the 
perspective is to be drawn. If the line h h is placed 
Tiearer to the point g, as shown by the line h' h', then 
the length of the perspective is reduced to the length 
of the line y f ; whilst, if the line h h is placed 


farther from the point o, as indicated by the line 
then the length of the perspective is increased 
to the length of the line j'^ It is evident that if 
a perspective were required several feet in length, it 
it would only be necessary to place the line hh 
farther from the point g, and to prolong the lines 
B G, D G. In practice it is usual to place the picture 
plane ” — that is, the line h h — at some point b^ween 
0 and G. If, therefore, a large perspective is re- 
quired, the plan must be drawn to a larger scale. 

For the elevations b c, o n, two vanishing ^points 
will be required. From the point g draw a line 
parallel to the line o n, in the direction of the line h h : 
the point of intersection, k^, will be the vanishing 
point for the elevation c i) ; similarly from the point 
G draw a line parallel to the line b c : the point k^, at 
which it intersects the line h h, will be the vanishing 
point for the elevation b c. The vanishing point 
must be used for eveiy portion of the side elevation 
parallel to the line o k^, whether it is recessed or 
whether it projects ; similarly the vanishing point 
must be used for every portion of the front parallel 
to the line g k*. Thus, the vanishing point would 
be used for the recessed portion of the front x x, for 
the front elevation of the chimney stalks l l, and for 
the projection k s in the side elevation ; the vanishing 
point would be used for the elevation x o of the 
recessed portion of the front, and for the sides of the 
chimney stalks l l parallel to the line g k^. If por- 
tions of the elevations should not be parallel to the 
lines 0 k', g k*, additional vanishing points will be 
required. If the reader will refer to fig. 2, Plate VIII., 
he will find the plan of a building, a b c e r, in which 
a wing projects at an obtuse angle, and having a large 
bay in front. Let G be the station point and point of 
sight, and h h the picture plane : it must be evident, 
from what has been stated above, that four vanishing 
points will be required, — one for every portion of the 
building parallel to b c, another for every portion 
parallel to c n, a third for every portion parallel to 
D E, and a fourth for j k. From the point g, there- 
fore, draw lines parallel to the lines b c, c n, n E, j k, 
and points where they intersect the line h h will be 
the respective vanishing points required. 

The mode of obtaining the positions of “ lines of 
heights ” on the plan must now be explained. On the 
plan, fig. 1, Plate VIII., a height line will be required 
on which to measure all the heights on the elevation 
B c, which will not be available for any portion of the 
elevation either projecting beyond or recessed wdthin 
the line BOj the recessed portion, xx, of the front 
will require a separate line of heights, and similarly 
the fronts of the chimneys l l will require their own 
lineg^f heights ; if one is placed farther Wck from 
theune b o than the other, separate lines of heighta 
will be required for each chimney. 
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Bis Work in thr Oonbtbuction of the Figuebs 
AND Problems of Planb GEOMBTBTf Useful in 
Teobnigal Work, 

CHAPTEK XIV. 

The ** rhombus” is the rhomboid which has its 
four sides equal without its angles being right angles^ 
as the four sides ahfh c,o d^d fig. 6, Plate OXLIII. 
If we draw the two diagonals a c or & we divide or 
resolve the rhombus into four triangles, the apex of 
each of which is at e. 

The rhombus is constructed or described in the 
same way as the rhomboid, fig. 5, Plate CXLIII. The 
rhombus is what is called the “lozenge” or “diagonal 
square,” as shown in fig. 7, Plate OXLIII, This may 
be described or constructed as follows. Di^aw the line 
a c as a horizontal line, and at rfght angles to this the 
perpendicular line h d, intersecting each other in the 
central point. Set off on the first line a c from central 
point, and on each side of this point a length equal to 
the half of the longest diagonal, as « c. * On the second 
line, h dy set off in the same manner from central 
point a length equal to the half of the small diagonal, 
and we thus obtain four points which, being joined, 
will foim the diagonal square or lozenge required. 

From the preceding problems in construction on 
quadrilaterals we conclude that the rectangles or 
parallelograms and rhomboids which have the same 
base and the same height have the same surface. In 
the square, the rectangle or parallelogram and the 
rhombus, the diagonals divide the quadrilateral into 
two equal parts. If we draw the two diagonals they 
will divide each other into two equal parts. Lastly, 
in the square and the rhomboid and in the lozenge the 
diagonals intersect each other perpendicularly (see 
fig. 8, Plate CXLIII.). The “ trapezium,” or “ tra- 
pezoid,” is a quadrilateral which has only two sides 
parallel to each other, as a c d, fig. 9, Plate OXLIII. 
The surface of the trapezium is equal to the product 
of the height, e /, measuring the distance of the 
parallel sides by the half-sum of these same sides a h 
and cd. The half -sum of the parallel sides will always 
be equal to a third parallel, g h, intei'mediate and at 
equal distance from the two parallels a b and c d, 

“ To construct any quadrilateral of which the four 
sides and one of its angles are known or given.” — It is 
ui^derstood that the order in which these sides are 
arr«mged, and the plaoe> which the angle given occu- 
pies, is in accordance with a given rough sketch, such 
as is shown by the outline a b od, to the left of fig. 10, 
Plate OXLIII. Make an angle, bad, equal to the 
angle given, bad; set off upon the sides of this angle 
lengths, A B and a d respectively, equal to ah and a d ; 
then, from the points b and d as centres, with radii b o 
and 0 d, describe'^ivo arcs of circle intersecting at o. 
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Join B 0 and o d : the quadrilateral A b o d is the 
quadrilateral wanted. 

The two arcs of circle described from the points B 
and D intersect also at another point than the point c ; 
but this other point is necessarily on the other side of 
the line b d, in such a way that there can be no un- 
certainty, for this second point would give place to a 
quadrilateral presenting a re-entering angle, whilst the 
one proposed is of the opposite character. 

To construct a rhomboid knowing two sides (a h, 
a c, fig. 11, Plate CXLIII.) and the angle comprised 
between them (as 6 a c), — Make an angle bag equal to 
the angle given ; upon the sides of this angle set off 
lengths A B and a c, equal to the sides given a b and 
a c ; from the points b and c, with a o and a 5 as radii, 
describe two arcs of circle which intersect at the point 
D : this point is the fourth point of the ^rhomboid 
required. As a particular exemplification of this 
problem, we may point out the construction of a rect- 
angle, its two dimensions being given, and as a par- 
ticular exemplification of the latter, the construction 
of a square, its side being known or given. 

“To construct a trapezium, its four sides being given.” 
— It is understood that the order of these sides is thus 
given ; that is to say, that the sides a b and c d are to 
be parallel, as in the sketch in fig. 12, Plate CXLIII. 
Take upon the base A b a length a m, equal to c d. 
If we joined the point D to the point m (this is not done 
here, as upon the diagram only the lines absolutely 
necessary for the construction are drawn) the quadri- 
lateral A c D m would be a rhomboid, and would 
have then d m=A c: all would be embraced in the 
triangle b m d. Hence the construction now to be 
given. 

Ml^ke a triangle b m d having for sides the differ- 
ence m 6 of the two bases and the sides of the tra- 
pezium, which are not parallel, as a e, d b. Upon the 
base m 6 of this prolonged triangle let us take a 
length, b a, equal to the base of the trapezium ; from 
the points a and d as centres, with a c and the upper 
line c d as radii, describe aics of circles which intersect 
at the point c. a b c d is the trapezium required to 
be constructed. 

Problemi oosneoted with Polygonal Pigurei, or thoae 
having more than Four Sidei. 

Having in the preceding paragraphs given various 
constructions or problems connected with different 
classes of quadrilateral or four-sided figures, we now 
come to the consideration of those figures having 
more than four sides. Those figures, such as the 
pentagon, hexagon, etc., are by some geometricians 
considered those to which the term polygon — many- 
sided — if not correctly in the absolute sense-r-at least 
most appropriately applies. Certainly the teiun many- 
sided does not seem to apply very consistently to such 
a figure as a triangle, having only three sides, however 
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it may be reasonably applicable to the square, having 
four sides. 

The first polygon we have to notice is the “ pen- 
tagon/’ which is a figure having five sides, as in 
fig. 1, Plate CCXV. Pentagons are classed as regular 
and irregular. 

** To inscribe a regular pentagon in a circle.” — Divide 
the radius a c into extreme and mean proportionals. 
The largest of the two divisions, a 6, will be the 
radius of the arc, forming the tenth of the circum- 
ference; and, in joining the points of division. 





Fig. 7.3. 

the regular inscribed pentagon will be constructed. 
On another method of inscribing the regular pentagon, 
we obtain the length of the Une which divides the 
circumference into five equal parts, thus. 

Draw two diameters, ah^dc (fig. 2, Plate CCXV.), 
which intersect in the point c ; divide the radius c e into 
two equal parts at the point/. Prom this point as 
centre, and with radius equal to fh, describe the arc 
h h ; the straight line h h, the chord of this arc, will be 
the side of the inscribed pentagon. The surface of the 
pentagon, like that of all the regular polygons, is equal 
to its perimeter multiplied by half of the radius (c? c) 
of the inscribed circumference (fig. 1, Plate CCXV.). 
Each angle of the pentagon is equal to 108°. 

The hexagon is a polygon of six sides. To construct 
the regular hexagon, the length of one of the sides of 
which we know, describe the circle, the radius of 
which, ao (fig. 2, Plate CCXV.), is equal to the given 
side ; this radius, carried six times round the circum- 
ference of the circle, will divide it into six equal 
parts ; in uniting the points of division, we obtain the 
regular hexagon. Each angle of the hexagon is equal 
to 120°. (See the papers under the title of ‘‘The 
Building and Machine Draughtsman ” for a method 
of constructing hexagons very quiddy by means of 
a set-square of 30° and 60°.) 

The heptagon is a s6ven-sided polygon. To obtain 
the side of the regular heptagon, describe a circle, as 
in fig. 3, Plate CCXV. Having drawn the radios a Cy 


describe from the point a, as centra, an arc having the 
same radius as that of the circle, and which will cut it 
at the points b and d ; in joining these two points by 
a straight line, which will cut the radius a c at the 
point 6, we have the distance e rf, which will be— 
within the merest trifle — equal to the side of the 
regular inscribed heptagon. This line is then to be 
carried seven times round the circumference of the 
circle. Each angle of the regular heptagon is equal 
to 128*34°. 

The octagon is an eight -sided polygon. To con- 
struct the regular octagon, describe a square, abed 
(fig. 74), and its diagonals, a c^h d^ which divide each 
other into two equal parts in the point e. From each 
of the angles, as a, c, d^ as centres, and with the half 



of the diagonal, a c or rZ c, as radius, describe four 
arcs, 2 ^ f i iyv I which will cut each of the two 
adjacent sides of the square, as in the points / and ?, 
and which will give eight points, as / h ^ Z:, I w, 
which will be the eight points of the angles of the 
regular octagon. 

To inscribe a regular octagon in a given circle, as in 
fig. 4, Plate CCXV.— Draw the two diametens, a c d, 
perpendicular to each other; divide into two equal 
parts, as in the points /, A, i, each of the four 
quadrants measuring the four right angles formed by 
these diameters, and thus eight points of division are 
obtained, which are the eight points of the regular 
inscribed octagon. Each angle of the regular octagon 
is equal to 135°. 

The nonagon is a nine-sided polygon. To insenbe 
a nonagon in a given circle, of which a (fig. 75) is 
the centre and a h the radius. 

Prom the point b taken as centre, and with the 
radius 6a, describe the arc dag. Join the two 
points d and o, and from the point e, intersection 
of ajttmd of cZe, as centre, and with the same radius 
a 6, cfosoribe the arc /g, and from the point / as 
centre, with the same radius, the arc eg. 
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THE OAUOO PBIVTEE. 

The OnEjmsTBT and Technical Operations or hxs 
Trade. 


CHAPTER XVII. 

Prop^tiea of Ivdigotin or Pure Indigo {continued), 

Indiqotin (see end of preceding chapter), when care- 
fully heated to 290®, rises in beautiful red-violet 
vapours, of a strong and characteristic odour, and 
these on condensing on a cold surface form fine 
email crystals of a deep-blue colour, of specific gravity 
1*35. 

(6) Solubility. 

Indigotin is insoluble in water, alcohol, ether, fatty 
and essential oils, and in dilute acids and alkalies. 
Traces of indigo are dissolved by aniline, by creosote, 
and by phonic acid. Anhydrous acetic acid mixed 
with a small quantity of sulphuric acid dissolves finely 
powdered indigo, and the deep-blue solution which is 
obtained dyes wool by mere dipping and drying. The 
addition of water precipitates the dissolved indigo 
unaltered. This is the only case in which indigo can 
be dissolved without change and used for dyeing wool. 
Sulphuric acid, concentrated and warm, dissolves com- 
pletely and readily, yielding a bright sky-blue solution 
known as 

(c) Extract or sulphate of indigo, or soluble indigo, 
which is used in wool and silk dyeing, and is a beautiful 
sky-blue body, readily soluble in water, but insoluble 
in concentrated saline liquids. It is made by dissolving 
indigo in warm concentrated vitriol, and neutralising 
the excess of acid by the addition of alkali, whereby the 
sulphate of alkali is formed, which causes the sulphate 
of indigo to precipitate ; it is then filtered, and the 
paste obbiined sold as indigo extract. Sulphate of 
indigo readily dyes wool and silk by mere dipping and 
drying, but it cannot be fixed on cotton except imper- 
fectly by means of albumen. Sulphate of indigo is 
decolorised or bleached by oxidising agents, os in the 
case of indigo blue. 

(d) Action of oxidising agents on indigo. — Principle 
of indigo-discharge coloui's. 

Oxidising agents — dilute nitric acid, free chromic 
acid, red prussiate of potash and caustic soda, free 
chlorine and many other substances — destroy the colour 
of indigo by converting it into isatin, a colourless body 
differing in its composition fi-om indigo only in con- 
taining an additional atom of oxygen. This principle 
as made practical use of in printing, in producing a 
white or coloured pattern on indigo-blue dyed cloth — 
a, subject which will be fully treated in its proper 
place in these papers. Stronger action — namely, by 
concentrated and hot nitric acid — converts indigo into 
indigotio or nitro-salicylic and picric acids, with elimi- 
iiation of carbonic acid or oxalic acid. 


(e) Action of reducing agents on indigo. — Prin- 
ciple of indigo dyeing and printing. 

By the action of nascent hydrogen (see “Tech. Dict.^^) 
in presence of caustic alkali, indigo is reduced or con- 
verted into a colourless body, called White or Hydro- 
geniaed or Reduced Indigo^ which dissolves in excess of 
caustic alkali, and which is very readily brought back 
into indigo blue, by exposure to the air. Many re- 
ducing substances effect the conversion of indigo blue 
into indigo-white-ferrous sulphate, tin crystals or 
stannous chloride, realgar, glucose, gallic acid, alkaline 
metals, certain metals and non-metals in presence ol 
alkali, as tin, aluminium, phosphorus, etc. Practical 
application of the reduction of indigo is made in indigo 
dyeing and printing, which will be treated in their 
proper place. 

The presence of the various substances present in 
commercial indigo other than indigotin does not affect 
the above reactions, so that the properties of indigotin 
as we have stated them above, are the properties of 
good commercial indigo. 

To make the subject of the properties of indigo clear 
we now name the four compounds with which we have 
to do in the practical uses of indigo, and some of their 
properties. 

1. Pure Indigo Blue, or Indigotin^ CjgHjoNgO^, a 
blue, volatilLsable compound, insoluble in water, dilute 
alkalies and acids, alcohol, ether, etc. 

2. Whitey Reducedy or IlydrogeniaedlndigOy 
a colourless body soluble in caustic alkali, and converted 
into indigo blue by oxidation, by exposure to the air, etc. 

3. laatiuy or Indigotic Acidy or Indigo Diachargey 
CjellisNgOg, a colourless body, soluble in water, acids 
and alkalies, etc., and not reconverted into indigo blue 
by reducing agents, the opposite action by which it is 
obtained from indigo blue. 

4. Sulphate of Indigo, or Soluble Indigo, Eictract or 
Sulph-indigotic Acid, CicHjQNgOg. (803)2, a beautiful 
blue-coloured body, readily soluble in water and most 
dilute acids, and converted into iaatin by oxidising 
agents. 

Logwood, or Campeaoliy Wood. 

This important colouring-matter is the fermented 
wood of Ilcematoxylon campechianum, a tree cultivated 
ill various parts of South America, in Jamaica, Cuba, 
etc. The wood reaches this country in the form of logs, 
which possess but little colour, except on the outer 
surface exposed to the air. The dye- ware is prepared 
. by the “ logwood-grinder ” for use by being rasped or 
broken up into small chips by machinery, and the sub- 
jecting it to a “ fermentation process. This consists 
essentially in exposing the ground vrood to the pro- 
longed action of a moist, warm atmosphere, being left 
in heaps on%- wooden floor for two or three months, 
with occasional raking or stirring up. The object (ff 
this treatment is to oxidise or develop the colouring 
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principle contained in the wood, and to render it 
subsequently easier of extraction^ whether in the 
dye-bath or in prepaiing ** extracts ** from it. After 
fermentation the wood is generally ground in a mill 
to the desired fineness, and is ready for the market, 
either for use in the dye-beck, or for conversion into 
logwood liquor or extracts for use in printing. 

Extracts of logwood are made by boiling with 
water, under pressure, the wood as above prepared, 
allowing the solution so obtained to stand, to settle 
impurities, and evaporating the clear liquid down to 
the desired strength, afi as low a temperature as 
possible, or m vacuo. The preparation of good 
extracts of this and similar vegetable dye-stufis is an 
operation requiring considerable skill and capita], but 
without such extracts those dye-stuffs would not be 
applicable in printing. 

Ground or chipped logwood, as it ocairs in com- 
merce, resembles coarse sawdust coloured red, and of 
damp feeling from the presence of a varying amount 
of water. It is used for dyeing-up blacks, etc., upon 
printed-on mordants, and is added directly to the 
dye-bath. On adding it to cold water part of the 
colouring principle dissolves out, giving the water a 
slight buff tinge j on warming moi*e dye is extracted, 
and the solution becomes deeply coloured reddish. 
This solution dyes up cloth, properly mordanted with 
iron or chrome, deep black, — with alumina, red, — with 
tin, purple, — with copper, violet ; and these are the 
colours obtainable in printing and dyeing by the use 
of logwood ; but now only the black is resoi-ted to — 
the others being poor shades. 

Extract of logwood consists of aqueous solutions 
varying from 12° Tw. upwards, or pastes varying 
from 60° Tw, upwards, is deprived of water alto- 
gether, and is solid. It is used in the production of 
black, the mordant being either iron or chrome; it 
is often used in conjunction with bark extract, a 
deeper black being obtained. 

The colouring principle in logwood is named 
hcematoxylinef which, when carefully separated in 
purity, is found to crystallise, of yellowish colour, 
soluble in hot water, and yielding the reactions 
already described above, and of a composition repre- 
sented by the formula It is an acid body, 

uniting with alkalies to form colourless hcematoxylates 
of soda, etc., but which readily absorb oxygen from 
the air, and become violet or blue. 

Barwood.^ 

This is one of the so-called ** hard ” red woods grown 
in Western Africa. It is employed in the production 
of a bright and fast red on cotton yarn, named ** mock 
turkey kid,” The yarn is morcWted first with tin 
crystals, then with sumac, and dyed at a d}oiling tem- 
perature with the ground wood. Its colouring prin- 
ciple is probably identical with santalin, 


contained also in Sanders wood. This body is a fine 
red crystalline substance, insoluble in cold water, 
slightly soluble in boiling, but readily dissolved by 
alcohol, ether, and acetic acid; alkalies also dissolve 
it, to a violet liquid, thrown down again by acids. 

Barwood is not employed in cotton printing, as 
there is no method known of obtaining a convenient 
extract of sufficient concentration. 

Camwood, 

or Kamhe wood, is used in woollen dyeing. It differs 
but slightly from barwood; the colouring matter is 
more readily dissolved out by water, and the shade of 
red obtained from it is of a yellower tinge than that 
obtained from Brazil-wood. It is used in woollen 
dyeing for producing fast reds and brown, and also 
for bottoming indigo and aniline blues. 

Santal wood, or Sandori. 

A hard red wood, brought from India, and used 
chiefly in woollen dyeing. It 3 delds similar shades to 
barwood. 

Feaohwood (Brazil-wood). 

A soft red wood, imported chiefly from Campeachy 
and Brazil — hence the names — from a species of 
Cceaalpinia. It is employed in dyeitfg imitation 
cochineal crimsons, both on cotton and woollen goods ; 
it is also largely used, in conjunction with garancine, 
to px'oduce a brighter red, 

Peachwood in the log is, like logwood, almost 
colourless, and, before being put on the open market 
for dyers, is rasped and oxidised by long exposure to 
air and moisture — whereby the colouring matter is 
developed or rendered more readily extractible — the 
wood becoming of a bright red colour. On treating 
peachwood with water, hot or cold, a bright red 
liquid is obtained, which dyes-up cloth, properly 
mordanted with alumina and tin, red. 

In using peachwood along with garacine, the rasped 
wood is added directly to the dye-beck along with the 
garancine. 

Orohil (Cudbear). 

This once important, and yet not inconsiderable 
dye, is the aqueous extx‘act of lichens, chiefly the sea- 
coast genus Roccella (species tinctoria) and the land 
lichens of the genus variolaria. The commercial 
article, orchil liquor and paste, cudbear and French 
purple, is obtained by treating the whole lichen plants 
with ammonia and water at a temperature of about 
40° 0., and with proper access of air. Orchil liquor 
may also be obtained by extracting the plants with 
boiling water, filtering and heating with ammonia. 

Orchil is used chiefly in woollen and silk dyeing ; 
it gives, with these fibres, bright-red or violet-red. 
It is often employed in conjunction with cochineal. It 
is ^ now employed in calico printing, but m 
wodKn printing it is used in browns, blacks, and 
yeUows. 
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THB MOTOBT OB HILL HAND AS A 
TECmnCAL UrOBKEB. 

Thb Oboakibatiok, Obkebal Duties, and Spboial 
Work of the Staff of Factories for the Produc- 
tion OF Spun and Woven Goods— that is, “Yarn” 
AND “Cloth”— AND those chiefly in Cotton and 
Wool.— General Description of the Various Pro- 
CESSES OF Manufacture. 

CHAPTEE XII. 

Prsotiosl Points connected with the Boilers of the Brewing 

Frame (jomti/med). 

In very coarse spinning mills the ** finishing jack ” is 
dispensed with, and then the mule becomes the finish- 
ing process where drawing is done. When imperfectly 
drawn at the drawing frame it is never corrected, 
although it be drawn and doubled and redrawn and 
redoubled in the succeeding frames, as above named. 
Hence the necessity for insuring good drawing at the 
drawing frame if good yarn is desired. 

We have said that when the rollers are too far 
apart the sliver as delivered is thick and tkin j this 
defect in drawing can only be detected by those 
accustomed to the work, and so can only be remedied 
by them. Again, if the front rollers are too near to 
each other, there is another defect in dmwing. This 
is readily detected by the practical worker. It not 
only shows its defect by being unevenly drawn, but 
it comes through in long thick lengths —strictly speak- 
ing not drawn at all. The term “ spew ” is used in 
some cotton districts when it comes through the 
rollers in this way. Two other evils, besides that of 
being so uneven, are attendant upon it. First, the 
staple of the cotton being too long for the distance 
between the rollers, both rollers having hold of the 
staple — i.e.f one roller at one end, and the other the 
other — both rollers being heavily weighted, the staple 
must of necessity be consideiably damaged, therefore 
the finished yarn will be also damaged in proportion. 
Secondly, the top rollers being covei*ed with^cloth 
and leather, they are also damaged, and made unfit 
to work after the rollers are so adjusted as to make 
the drawing as perfect as possible. Both conditions 
of the rollers — the distances too short and too 
long between — are injurious to the preparation of 
the cotton, and must of necessity be injurious to the 
finished thread or yarn. Independently of injury 
which may arise to any part of the machinery by 
irregularities in the working of the material (the' 
cotton), they ai'e but qf little moment to that of the 
reduction of it in the value of the finished thread. 
Much damage is often done to both the cotton and 
the machinery — more from carelessness than want of 
judgment. 

Ail practical men know the importance of having 
the rollers fixed or set at such a distance that the 


staple of the cotton is not damaged (broken), and 
that they should be so adjusted that the sliver as 
it leaves the rollers should have as even an appear- 
ance as that of a cobweb or that of a sheet of writing 
paper. This being accomplished at the drawing frame, 
the cotton in all the other processes will li more 
completely managed. This attention to the drawing 
is required at every fresh mixing of cotton, as it is 
being carried through. Where the same class of yam 
has to be produced, the same class of cotton is pur- 
chased — t.e., the same length of staple is produced, or 
should be ; but it is impossible to succeed in this at all 
times even with the very best of judges in cotton, and 
hence the continual necessity for being on the alert. 

The fibres of cotton are of various lengths, and 
therefore no purchaser of cotton can at all times meet 
with the exact length. This makes it all the more 
essential to watch each and every puitiliase of cotton, 
when at this particular stage. In setting the rollers 
of either a diawing frame or any other frame where 
the cotton has to be drawn, a gauge is used, so that 
the whole line of rollers can be fixed at the same 
distance as the first. Having found the right distance 
for the first head of drawing i^ollers, the two following 
heads will require to be set at about the same distance. 
This being accomplished, a gieat and important part 
is performed in the drawing of the cotton, while in a 
rude and in somewhat entangled and irregular con- 
dition, to a state of parallelism and order. 

The Stop Motion of the Drawing Frame.— Antomatio 
Arrangement. 

The drawing frame is provided with what is denomi- 
nated a “ stop motion.” It is an ingenious arrange- 
ment ; the sliver passing over a spoon which is a 
littje short of being balanced, but is kept in what 
is practically a balanced condition by the sliver 
passing over it. But when the sliver breaks the 
spoon alters its position, and the bottom end of it 
comes in contact with a rod, and the rod having 
notches screwed to it, the extreme end of the 
spoon as it alters its position comes against the 
notches and causes the rod to stop. This rod has a 
catch-box at one end of it, and is then thrown out of 
gear, and thus comes in contact with the strap rod, 
and the strap rod is moved from the position of the 
fast or driving pulley to that of a loose pulley ; thus 
the part stops and remains in that position until the 
“ tenter ” makes the broken part good, and then the 
driving stiap is drawrf on by the attendant by hand. 
This stop motion is now of such value that it is attached 
to all new frames. It prevents singles : i.s., where six 
ends are run up, and one breaks, if the frame did not 
stop of its own accord it would continue to run with 
five slivers instead of six, and would thus be spoken 
of as running single.” “ Eunning single,” in cotton 
workers* phrase, means when any piece of work is 



270 


THE FACTORY OR MILL HAHR AS A TECHNICAL WORKER. 


short of its full quantity. In all the^ following frames, 
except that of the slabbing frame, two ends run into 
one, and in such case if one end breaks, the one which 
is left is truly “ single.” 

The cotton as it leaves the carding engine is in the 
state of a delicate, flat, riband form, called a sliver ; 
the flbres are thus in a state of entanglement — 1.6., 
cross each other, some pointing to the north and 
others to the west or east. One consequence of the 
drawing process, if properly conducted, is that the 
drawing is perfectly equal in thickness in every part, 
and formed of pai'allel fibres ; and in order to make it 
80 far perfect, the drawing is repeated more than 
once, and the doubling is repeated more than once, in 
order to obtain these most desirable objects, parallelism 
of the fibres and evenness of the sliver. As we have 
before stated, this drawing frame” is in its mechan- 
ism simple ; but although simple, it is of such import- 
ance to the cotton spinner as to be indispensable. 

The Bltihhing, or Boving, the Next Proeeee of the Cotton 
Manufaotnre after the Drawing. 

The preceding paragraph was taken up with a de- 
scription of the “ drawing frame,” and notes on the 
general management of its work. We now come to 
the consideration of the machine next in sequence, 
which is kno^vn as the ** slabbing frame”; why so 
called it is diflicult now to ascertain. This name gives 
not the slightest indicuition of the character of the 
work which it performs, since this work may be said to 
be the first approach to the spinning of the fibres into 
a thread,” or into yam ” as the technical term is 
for spun fibres. We say that the work of the slab- 
bing frame is an approach to the process of spinning. 
This may be here popularly described as the twist- 
ing” or ^‘twining” of the fibres together, so that 
(hey have such coherence or strength as will up to 
a certain point resist any pulling strain calculated to 
tear them asunder. A very slight consideration of 
what this twisting, twining, or spinning of the fibres 
is, will sliow that the operation will be all the more 
complete as regards the ultimate strength of the 
twisted, twined, or spun fibres — and all the more 
uniform os regards diameter or thickness — if the 
fibres, before being spun, are placed parallel to one 
another, and the short ones placed alongside of the 
long ones, so that a long continuous riband or sliver” 
is produced. It is this condition which it is the aim of 
the drawing frame described in the paragraph preced- 
ing this to produce. And if tlte reader has carefully 
fitudiod what we have said as to the process of ‘‘draw- 
ing,” and the machine (“ drawing frame ”) which efiects 
that process, he will understand how very important 
it is that the drawing sliould be thoroughly done. So 
important, that the oi>eration of “ drawing ” the cotton 
fibres, and of “ doubling ” them, which is an inherent 
part of the process of drawing, is also carried out in 


the machines which perform other and advanced! 
work, and to the description of which we now address 
ourselves. 

Thus, in the “ slabbing frame,” which is the first 
of the advanced machines we notice, while one pwt 
of its work is the twisting of the fibres into a species 
of coarse yai*n, “ drawing ” also constitutes a part of 
it. And in the machine next following the slabbing 
frame, drawing is still done. The reader will thus 
perceive that, this being the case in the machine 
following the slabbing frame, what “ twist ” or degree 
of twining the fibres together is given to them by 
the “ Blubbing frame ” must he again taken out of it 



Fig. 10. 


before the “ drawing ” process can be ejBTecfced in the 
machine which follows. The twist, or degree of 
twining or spinning, then, given to the fibres by the 
slabbing frame, is in fact only given to them to afford 
them for a time such coherence or strength as to 
enable the attenuated sliver to be taken through the 
process and advanced to the ^ext machine — in which 
drawing” is still required to be done. 

The Slabbing Frame.— The *‘ Bobbin and Fly ” Xaobine. 

Of the many dubbing machines which have been 
invei^d, the one most generally used is that in which 
the “bobbin and flyer” are the principal features. 
This machine is represented in fig. 10 . 
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TEE SAKITAET AECHITECT. 

THH PBINOIFLWS AlTD PBAOTIOB OP HiS WORK, IN HBALTHT 

HOUBB ABKANOEMENT AND CONBTEUOTION.'-TEOHNIOAL 

Points op Bewebagb and Deainaoe, Ventilation, etc. 
CHAPTER VII, 

Tlie Primary Parili of House Drainage Work : Careless 
Work (continued)* 

In last chapter under this head we stated that we 
admitted that multiplicity of systems have had a 
prejudicial effect on the practice of house drainage ; 
but while admitting this, there can be no doubt 
that the real mischief has been done, not merely 
in'^the retardation of true progress, but in the per- 
petration and perpetuation of bad systems wholly 
through the careless work of those to whom their 
execution was intrusted. We have said careless, but 
truth compels us to characterise it as dishonest work. 
It is unfortunately but too true, in the practice 
of all classes of constnictive work, that concealed 
work — that is, work which, when finished, is not open 
to inspection — Ls in great danger of being scamped ” 
or carelessly done, and in but too many cases not done 
at all. The temptation to do this seems too great to 
be withstood by many men : the mere fact that no one 
will be able to see whether the work is well or ill done 
seems to decide the matter, and against the interest of 
the party requiring the work ; so that the ill-done is 
deliberately preferred to the well-done work. This 
is bad enough ; but matters are much worse when the 
work is not done at all. How this is brought about 
we shall see when wo come to the practical details of 
house drainage. Meanwhile we dmw particular atten- 
tion to this point of working-life morality, as one 
which affects in the closest manner the Avhole question 
of practical house drainage, — it is scarcely necessary to 
say, all classes of work, indeed. To talk of those who, 
concerning concealed work, or work which is finally 
covered up, can bring their minds to the doing of bad 
work, or to the not doing of it at all, simply because it 
will not bo found out, as being unable to withstand the 
temptation to do dishonestly, is in fact a wrong way of 
putting it. For the truth is, that with the majority 
of such people there is no temptation to be withstood — 
that is, struggled against. Struggling with it involves 
the idea of conscience being in some way concerned in 
it, as not being altogether drowned ; but with them 
there is no struggle, because there is no doubt : the 
doing of wrong simply because the wrong is not likely 
to be found out is simply a matter of deliberate choice. 
We have said that this low morale— 6v condition in 
which there is no truth, no morality, at all concerned 
— has had a most baneful influence on the progress 
of house drainage; for there is perhaps no class 
of constructive work which admits of so many and 
ready opportunities of scamping work as this one. 


Nearly every detail of it is, from the very nature of the 
circumstances, concealed or covered bver when the 
whole system of house drainage is completed. It 
often happens, in giving the concrete form of a word, 
phrase or proverb to some form of immorality or 
evil doing, that the word or phrase chosen glosses- 
the evil over and tries to convey the idea that it is 
not so bad as it is. Wo could cite many instances of 
this, as now embalmed in our language ; and where 
they exist they show a still lower morale^ and a more* 
decided determination to call evil good, and a still 
greater liking for it in preference to the good. But 
in the case we have under consideration, the very 
name given to the practice of doing bad work because* 
there is the opportunity afforded to do it mthout being 
found out shows that there is still some consciousness 
of its evil. For when we talk of scamping ” or 

scamped work, we at once convey the notion that 
we know it to be the work of a scamp ” ; and it is 
needless to say what is the degree of estimation in 
which he is held by honest people. 

Home Drainage Work.— Moral ConsiderationB connected 
with it. 

There are those who maintain that considerations 
of morality should never bo mixed up with those 
connected with technical work, or work of any kind. 
We are well aware that this principle is acted upon 
largely in every-day life, so that it is no uncommon 
thing to hear an employer say, ‘ What manner of men 
my hands arc, whether they be good or bad, matters 
nothing to me.’ If he know what constituted his best 
interests he would see that this mattered everything 
to him. But the fact is that even such employers, 
in the conduct of their business, show that the 
chai'icter of those they employ is a matter of the 
greatest practical importance to them. They do not 
put — never dream of putting — into situations of trust 
the depraved and the worthless : they place no confi- 
dence in men of this class; and if they were asked 
pointedly what would be the result if their business 
were ctirried on by men all of wJiom were of high 
morale, with whom their word was os good as their 
bond, they would have but one reply to make — that 
their business would be infinitely more profitable and 
vastly more pleasant to carry on. The truth is that 
we cannot, if we would, sepan\te the moml attri- 
butes from the man considered as a mere worker. We 
must take men as we find them, the facts of human 
’ nature as they are evej^where and every when presented 
to us. And the more fully wo take wise advantage 
of this, the more satisfiictory shall we find our work 
done, simply considered. Work done conscientiously 
must be good woik : better work, at all event.^, it must 
be than thift done by those who are merely thinking 
of getting the time over which must be devoted to 
work of some kind or another, and bringing on as 
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quickly as possible the time when the work, such as it 
is, is to be paicf for. Men who think more of pay-day 
than of the class or high character of the work which 
secures its reward never do, never can, give the best « 
work. Such considerations lie at the very root of all 
work; and the truth is incontestable that unless we 
pay more heed to them in the future, we sliall make 
,as little progress in true technical education as we 
have done in the past. When such considerations 
are taken into account we shall see on the extended 
scale what is now unfortunately met with on a very 
limited one, — men of all grades rising to a know- 
ledge bf the dignity of labour and all the elevating 
influences which that dignity involves. The writer of 
these lines has had much to do with technical workmen; 
he knows also of the wider experience and the higher 
knowledge of others who have had more ; and from all 
he knows and has seen, he is impressed with the most 
profound conviction that technical education will not 
bring with it all the advantages which it is capable of 
giving to us as a people, if these be not united with 
an earnest endeavour to raise the moral attributes of 
our students to that high pitch which just in propor- 
tion as it will make them good men will make them 
good workmen. The sooner we come nationally to 
the conviction that it is not so much what a man 
knows as how he uses his knowledge, the better it 
will be for us as a people. 

Preoaatioai to be taken in earrTing out Home Drainage 
Work. 

Meanwhile, seeing that scamped’’ work is being 
done daily, and done most extensively — those who have 
the best means of judging say that it is the rule, 
not the exception, where it can be done without being 
found out — every means must be taken to see that 
the work of house drainage is not only actually done, 
but done in the most thoroughly efficient manner. It 
is not enough that the owner of the house shall intrust 
the core of its drainage to his builder — unless, indeed, 
he has the good fortune to have a builder of the 
highest position and morale. For there are |)uilders 
and builders ; and some of that class, not of the highest 
in morale^ have been known to do, or rather instruct 
their workmen to do, such a piece of dishonest work 
as to take the drain leading from the house only 
so far on its way to the street sewer, but to stop 
short of that — thus allowing the sewage to soak 
into and saturate the soil in the immediate neigh- 
bourhood of the house, v&rf possibly right under 
some window, thus forming a source of sewer gas 
infinitely more dangerous than the old-fashioned 
cesspool, which at least possessed this advantage — 
that its existence was known, its position marked and 
defined. Work as bad as tJffis now nobed has been 
again and again done by dishonourable builders, into 
whose hands none of our readers proposing to build 


wiU, we hope, fall. It is not enough, in order to 
secure his house drainage to be the reality of a well 
executed and therefore effidently working system, that 
the owner should trust to his architect. As a class 
architects are without reproach, and would tolerate 
no scamping work, or even an approach to it But 
the architect cannot be always present ; it is practi- 
cally impossible that he should actually see for him- 
self how all work is done and all details are efficiently 
attended to. No doubt he will be represented by the 
clerk of the works ; but it is not every house which is 
so important as a “ job ” that it will justify the having 
of this official. And even where it can afford it, as 
there are builders and builders, so there are clerks of 
works and clerks of works, and some have been known 
to be not only careless about their work, indifferent to 
their duties, but so dishonest and dishonourable in 
their relation to their employers, that they have winked 
at work being badly done, or, worse than this, have 
allowed it to pass as done when it was not done at all. 
Thus placed, it would appear, therefore, that the 
'owner of the house must depend upon himself to see 
that the work of the drainage of it is really well done. 
This seems to throw a burden upon him which should 
be borne by some other or others. It also involves 
the possession of a knowledge of technical details 
which does not come within the range of the acquire- 
ments of men engaged in ordinary business, or perhaps 
in no business at all. Further, the owner of a house, 
although quite capable of looking after work and 
judging whether it were well done, might object, and 
reasonably enough looked at at first sight, to doing 
work of this kind, which ought in all fairness to be 
done by others. But there are few men, however 
much engaged, or whatever their position, who would 
grudge the time necessary to give instructions about 
or pass an opinion upon the purely decorative work 
of the rooms of his house, or the laying out of his 
grounds. And seeing this, while by no means ignor- 
ing the claim of those departments to great attention, 
it surely cannot be denied that the health, not only 
of himself, but of his household, is a matter demand- 
ing at least an equal amount of care and attention. 
Viewed rightly, health is essential, decoration only 
an accessory of life, important as that accessory is. 
And there can be little doubt of the fact that the 
healthy condition of a house is largely dependent 
upon that of its drainage. What has been given in 
preceding chapters has been given to little purpose if 
readers who may be proposing to build themselves 
houses (see the papers entitled “ The House .Planner ”) 
are not convinced of the truth of this. Failing any 
personal exertion on his own part in seeing that the 
draijipge of his house is well executed, the owner 
shoi^ at all events call in the aid of a trustworthy 
sanitary inspector to report on its cmiditiom 
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}H!rils of drainage in, 271 
plastering and, 202 
plumbing and, 203 
precautions in sanitary, 272 
sanitary, 17-19, 69-70, 216, 246-8, 
2/1, CLX% cLxxru, exevni 
sewerage in, 17-19 
slating and, 202 
smiths' work and, 203 
speciheations in, 166, 194-6, 201-2 
ventilation in, 17-19 
walla in, 216 

working drawings in, CL, CU (tee 
also “ House Hanning ”) 
Architraves ; 

joinery, 138 
Arresting of motion : 

mechanics and, 5 
Arsenic : 
acids, 67-8, 179 
calico printing and, 179 
trioxide of, 179 
white, 179 
Attic-floors : 

planning of, CLXXXIV 
Attraction : 

mechanics and, 170 
Aviaries : 

architecture of, OXOI 


Balancing : 
mechanics and, 39-60 


Balustrades : 

masonry of, ccxi 
Bars: 

masonry tension, 75 
steam-engine, CXLVll 
Barwood : 

calico printing and, 268 
Basements : 

planning of,cnx,CLXXXiv,ucviii 
Base mouldings : 

masonry, 103 
Bat-bricks : 

brickla^ng with, 100 
Bay*winaows : 

joinery of, 188 
Beams : 

carpentry, 45, 153-4 
carpentry tie, 99-100 
lengthening of, 153 
strengthening of, 154 
Beans ; 

cattle-feeding with, 107-8 
Bearing-plates ; 

masonry, 21 
Bearing- walls : 

bricklaying of, 159 
Bedrooms ; 

windows of, 202 
Beseem^ : 

steel making, process of, 241-8 
Bichromate of potash : 
calico printing and, 68 
pigments and, 237 
Bichrome : 

calico printing and, 68 
pigments and, 237 
Bin-arseniate of soda : 

calico printing and, 68 
Binding ; 

masonry, 21, 75 
Bisulpimte of potash : 

calico printing and, 68 
Black liquor : 

calico printing and, 112 
Blast furnaces : 

iron making, 193, 213-15, 229-81, 
261-2 

Bleaching powder : 

calico printing and, 111 
Blocks : 

' masonry, 75 • 

steam-engine, CXLVii 
Blows : 

mechanics and, 34, 267 
Blue ; 

calico printing aiid, 180, 289 
pigments in, 236 
Prussian, 238-9 
ultramarine, i88*9 
Blue-stone : 

calico printing and, 180 
Bobbin and flyer ; 
factory work, 270 


Bolts and nuts : 

masonry and, 21, 78 
Bonds : 

bricklaying, 73, 105, 131, 188-6, 
209 
Borax : 

calico piinting and, 68 
Bow-windows : 

joinery of, 183 
Brazil wood : 

calico printing and, 268 
Breakfast-rooms : 

windows of. 201 
Breaking joints ; 

bricklaying, 74, 105 
Bricks : 
hat, 106 

bricklaying and, 74 
characteristics of, 216 
closure, 105 
king-closcr, 106 
sphyed, 106 
wood, 131 
Bricklaying : 
bats in, 106 
bearing-walls in, 159 
bonds in, 73, 105, 181, 185-6, 209 
breaking joints in, 74, lOo 
bricks in, 74 (tee also “ Bricks ") 
cavity walla in, 210 
chain bonds in, 181 
closers in, 105 
closures in, 105 
courses in, 74, 169-60 
domestic Gotnic, coitl 
drawings for, 165 
Elizabethan, ocill 
English bond in, 186 
examples of, 209-10, OLXXXVUl, 
CXLVI, CLIV 

Flemish, 73, 185-6 
footings in, 160 
foundations in, 159-60 
gateways in, ccii 
Gothic, cciu 
headers in, 78 
high walls in, 184 
hollow walls iUp 210 
hoop-iron bonding is, 182 
horizontal, 74 
iambs in. 106 
king-closers in, 106 
layers in, 74 
longitudinal, 78 
lower courses in, 169 
models of, 209 
offsets in, 160 
Old English, 73, 186 
piers in, 159 

plain-running walls in, HI 
projections in, 209 
returns in, 209 
reveals in, 106, 111 
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index: 


ricklaving (continued ) : 
specincations for, 196 
splayed bricks in, 106 
stables in, ootti 
straight walls in, 165 
stretchers in, 78 
succession in, 74 

thicknesses of walls in, 182, 164^6, 
209 

timber bonds in, 181 
transverse, 78 
varieties of walls in, 160 
vertical, 74 

walls and, 78-4, 182, 184, 209-10 

wood bricks in, 181 

ddging : 

joists for, 45 

:on*e : 

calico printing in, 240 
•own : 

calico printing in, 240 
manganese, 240 
iff colours : 
calico printing in, 289 
lUding and machine draughtsman- 
building plans in, 235-6 
cylinders in, 285 

examples of, cjji, olvii, Oi.viir, 
OLXXV,, CLXXVI, OLXXXir, 
OLXXXV, <’xoiv, rex IV, 
CCXVII, OCXXIV, 9, 94, 96, 149- 
50, 175-8, 218-20, 234 
ground lines in, 263-4 
height linos in, 263-4 
boHxontal lines in, 268-4 
lines in, 268-4 
object lessons in, 81-8, 63-6 
perspective in, 286, 263-4 
plane surfaces in, 10-12 
planes in, 268-4 
plans of buildings and, 235-6 
points of sight in, 268-4 
projections in, 10-12, 235-6, 263 
station points in, 268-4 
lurfaoesin, 10-12 
ranisbing points in, 268-4 
Lsiness : 

vrorkmen and, 187-9 
whes: 

steam-engine, oxLvri 
ittresses : ' 

Bothic, CO 


bbage: 

sattle-fecding with, 108 
Icium componiids ; 
mlioo printing and, 111 
lico printing : 


icetato of alumina and. 111 
icetate of chrome and, 179 
wetate of copper in, 180 
loetate of iron in, 112 
icetate of lime and, 111 
icetate of soda in, 68 
icetate of tin in, 179 
icetic acid in, 47 
icids in, 16 

ilkalies in, 16, 67, 111 
ilum and, 111 
lum chrome in, 112 
iluminate of soda and, 112 
immonia in, 48, 68 


mhjdrous carbonate of soda in, 


intimony in, 179 
aquafortis in, 47 
^raeniate of soda in, 68 


.rsenio in, 179 


Tsenious acids in, 67, 179-80 
larwood in, 268 
lichrome in, 68 


lin-arsesiate of soda in, 68 


dsulphate of potash in, 68 
lack iron liquors in, 112 
leaching powder and, 111 
lues in, 180| 288 


Calico printing (eontinutd ) : 
blue copperas in, 180 
blue-stone in, 180 
borax in, 68 
Brazil wood in, 268 
bronze in, 240 
browns in, 240 
buff colours in, 289 
calcium compounds and, 111 
campeachy wood in, 267 
camwood in. 268 
carbonate of soda in, 48 
caustic potash in, 48, 67 
caustic soda in, 67 
chemistry of, 16 
chemistry of colours and, 180 
china clay and, 112 
chlorate of soda in, 68 
chloride of alumina and, 112 
chloride of ammonia and. 111 
chloride of lime and, 1 1 1 
chloride of magnesium and, 111 
chloride of potash in, 68 
chloride of soda in , 68 
chromate of potash in, 68 
chrome alum in, 112 
chrome greens in, 289 
chromium and, 179 
chromium salts in, 1 12 
citrate of soda in, 68 
citric acid in, 67 
clay and, 1 1 2 
copper in, 180 
coxjperas and, 112, 180 
crystals of soda in, 48 
crystals of tin in, 179 
cudbear in, 268 
drugs lu, 16 
dunging salts in. 68 
dye-houses in, 15 
emerald greens in, 240 
emetic tartar in, 179 
Epsom salts and, 1 1 1 
ferrous acetate in, 112 
ferrous sulphate and, 112 
French \vhite in, 180 
garancin in, 240 
green coppems and, 112 
i^eens in, 239-40 
hydrate of alumina and, 112 
hydrochloric acid in, 47 
hydrometer glas-scs in, 48 
hypochlorite of lime and, 111 
indigo in, 15, 240, 267 
iron in, 112, 239 
lead in, 179 
lead yellows in, 239 
lime and, 111 
logwood in, 267 
machinei’y for, 15 
madder in, 240 
manganese browns in, 240 
mineral colours in, 180 
mordants in, 15, 16 
muriate of alumina and, 112 
muriate of iron in, 112 
nitrate of alumina and, 112 
nitrate of copper in, 180 
nitrate of iron in, 112 
nitrate of lead in, 179 
nitric acid in, 47 
orebil in, 268 
oxalic acid in, 07 
peach wood in, 268 
pearlash in, 67 

perrfknganate of potash and, 11 
pink liquor and, 112 
potash m, 48 

protochloride of tin in, 179 
Prussian blues in, 289 
pyroborate of soda in, 68 
red liquor and, 111 
reds in, 180 
sal-ammoniac an^, 111 
salt in, 68 
salts in, 16 

salts of alkalies in, 68, HI 
salts of alumina 111 


Calico printing (continued ) : 
salts of antimony in, 179 
salts of chromium in, 112, 179 
salts of copper in, 180 
salts of iron and, 112 
salts of lead in, 179 
salts of magnesium and, 111 
salts of tin in, 179 
Sanders in, 268 
santal wood in, 268 
Scheele’s green in, 289 
silicate of soda in, 68 
slaked lime and, 111 
soda in, 112, 179 
soda ash in, 67 
soda carbonate in, 48 
soda crystals in, 48, 67 
soluble soda glass in, 68 
stannate of aoda in, 179 
sugar of lead in, 179 
sulphate and, 112 
sulphate of copper in, 180 
sulphate of indigo in, 2C7 
sulphate of magnesium and, 111 
sulphate of seda in, 08 
sulphide of copper m, 180 
sulph-indigotic acid in, 267 
sulphuric acid in, 47 
tannic acid in, 67 
tartar emetic in, 179 
tartaric acid in, 67 
tin in, 179 

trioxido of arsenic in, 179 
ultramai’ine blues in, 239 
vegetable matters in, 240 
violet colours in, IfeO, 239 
vitriol in, 47 
volatile alkali in, 68 
water-glass in, 68 
white arsenic in, 179 
whites in, 180 
yellows in, 68, 289 
Campeachy wood : 

calico piinting and, 267 
Camwood : 

calico printing and, 268 
Carbon; 

iron making and, 281 
pigments and, 237 
Carbonate of soda : 

calico printing and, 48 
Carbonates : 

pigments and, 287 
Carding : 
engines for, 146-8 
factory M'ork, J, 2, 41-2, 146 
Carpentiy : 
angular pieces in, 46 
bay windows in, 201 
beams in, 46, 99, 153-4 
bridging joists in, 45 
ceiling joists in, 45 
drawing-room timber in, 201 
drawings for, 165 
examples of, 99, 100, 201, CLili, 
CLX I V, OLX V , CLX X n, CLXX V 1 11, 
CLXXXVII, CCXXIT 
fisMng in, 127 
flooring joists in, 46 
floors in, 71 
framing in, 71 
gates in^ ccii 
irders in, 45 

orizontal and vortical, 48-6 
joints for roofing in, 71, 99-100 
Joists in, 71 

joists for bridging in, 46 
joists for flooring in, 46 
Joists of ceilings in, 45 
junctions in, 4^6, 99-100 
king-posts in, 100 
len^hening of beams in, 15H 
partitions in, 7J, OLXXvm 
pole-pla^ in, 71 
purlins IP 99 
quality If timber for, 201 
queen-posts in, 71, 100 
rafters in, 71, 99 


Carpentry (continued) i 
right angle, 46-6 
roofing in, 71, 99, 127-8 
roof timber in, 201 
scantlings in, 201 
scarfing in, 127, 158 
special joints iu, 71 
specifications of, 201 
strengthening of beams in, 154 
tie-beams in, 99-100 
timber for, 201 
vertical and horizontal, 45-6 
wall-plates in, 7’ 
windows in, 201 
Carriages ; 

springs of, 6 8 
Cairiage wheels ; 

mechanics and, 119-21 
Carts : 

springs of, 6-8 
Casements ; 

window, 133 
Casings : 

joinery of door, 102 
Cast iron : 

making of, 261 
Catalan : 

steel making, 43 
Cattle : 

analyses of food for, 107-8, 124-5 
beans ns food for, 107-8 
buildings for, 233 
cabbage as food for, 108 
cereals as food for, 107- 
clcanliness and, 232-3 
clover as food for, 108 
condimental foods for, 206-7 
condition of food for, 206 
cooking of food for, 206 
cutting of straw for, 145 
economical feeding of, 208 
fat, 13, 14 

flavouring of food for, 206-7 
food for : tee “ Food 
grasses as food for. 108 
hay as food for, 108 
leguminous seeds for, 1 07-8 
oil-cako as food for, 1 08 
peculiarities of, 208, 282 
points of fat, 13, 14, 49-51 
prepaiing of food for, 206 
pulping of roots for, 146 
quality of food for, 233 
refuse food for, 107-8 
roots as food for, 107-8, 146 
slicing of roots for, 145 
straw as food for, 107-8, 146 
turnips ns food for, 107-8 
Caustic potash : 

calico printing and, 48, 67 
Caustic soda : 

calico printing and, 67 
Ceilings ; 

joists of, 45 
Cellars : 
doors of, 202 
planning of, CLX, OCX XI 
Cementation : 

steel making by, 168 
Centre of gravity : 

mechanics and, 67-60,88-91,119-21 
Cereals ; 

cattle-feeding with, 107-8 
Chain bonds : 

bricklaying, 131 
Chamber floors : 

plans of, oci) OCX IX 
Charging ; 

furnace, 198 
Chemistry ; 
calico printing and, 16 
colours and, 180 
copper and, 238 
soils and, 254 
Chimneys ; 

caps of, 129-80 
Chimney-pieces ; 
masonry of, 201 
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China clay : 

calico printing and, 112 
Cljlorate of potash : 

calico printing and, 68 
Chlorate of soda : 

calico printing and, C8 
Chloride of alumina : 

calico printing and, 112 
Chloride of ammonia : 

calico printing and, 111 
Chloride of lime ; 

calico printing and, 111 
Chloride of raagnesium : 

calico printing and, 111 
Chloride of soda ; 

calico printing and, 08 
Clilorides : 

pigments and, 237 
Chromate of potash : 

calico printing and, 68 
Chromate of soda : 

pigments and, 237 
Chrome alum : 

calico printing and, 112 
Chromium ; 

calico printing and, 179 
pigments and, 237 
salts of, 112 
Citrate of soda : 

calico printing and, 68 
Citric acid : 

calico printing and, 67 
Clay ; 

calico printing and, 1 12 
Cleanliness : 

cattle and, 232*8 
Cleveland : 

iron making, 213 
Closures ; 

bricklaying, 105 
Clover : 

cattlo-fccdiiig with, 108 
Collisions : 

mechanics and, .‘M 
Colour manufacturing: see “Pig- 
ments ” 

Concussion : 

mechanics and, 81 
Condensers : 

steam-engine, 171, 249 
Connecting rods : 

steam-engine, 249 
Conservatories : 
architecture of, cxoi 
designs for, cxci, ocx 
elevations of, cxcvil 
Elizabethan, oxci 
rolling roofs of, exer 
sliding roofs of, cxci 
' Tudor, cux 
Contact ; 

mechanics and, 85 
Conversion : 

iron-making, 215 
Copper : 
acetate of, 180 
calico printing and, 180 
chemistry of, 238 
nitrate of, 180 
salts of, 180 
sulphate of, 180 
sulphide of, 180 
•Copperas : 

calico printing and, 180 
calico printing and green, 112 
Corn-drills : 

farming and, 53 
Cornices ; 

masonry, 104 
Corporations : 

drawings for, 68-4 
Cottages ; 
planning of, oxxix 
semi-detached, cci 
Cottars : 

steam-engine, Oxlvii 
Cotton : 

factory work in, 1 


Counts : 

factory, 146 
Courses : 

bricklaying, 74, 159-60 
lower, 169 
masonry, 76-6 
masonry base, 76 
masonry lower, 70 
masonry string, 104 
Cramping : 

masonry, 20 
Cranks : 

Btoam-engino, 250 
Crosses : 

masonry of, ccix 
Crucibles : 

iron making and, 261 
Crucible steel : 

making of, 164, 211 
Cudbear : 

calico printing and, 208 
Cultivation : 

tillage, 53 
Curvilinear i 
masonry fn, cxcv 
windows in, CiiXXVii 
Cuttings : 

road-making, CLXvni 
Cylinders : 

draiiglitsmanship of, 285 


Deanston : 

land draining by Smith of, 80 
Decorated Ootliic: 
masonry in, CLXXVli 
windows in, oxcv 
Deep culture : 

farming and, 166 
Deliveries : 

factory, 224 
Detail drawings : 

architectural, 105-6 
Dilation : 

mechanical, 67 
Dioxide of carbon : 

pigments and, 237 
Dividing ; 

geometrical, 92-3 
Domestic buildings ; 
masonry and, 70 

Domestic gardens: see “Garden 
Planning ’’ 

Domestic Gothic : 
gateways in, (’oxi 
windows in, ccxx 
Doors : 
braced, 23 
four-panelled, 138 
framed, 23 
joinery of, 101, 201 
ledged, 23 
Doorways : 

masonry, CLXXXVi 
Drainage : 

architecture and, 17-19, 210-8 
careless, 271 
farming and, J 1 8 
house, 217, 271-8 
perils of. 271-2 
precautions in, 271 
Drain-pipes : 

sanitary, CLXXiii, oxcviti 
Drains : 

road-making, 167-8 
Draughtsmanship : 
building : see “ Building ” 
geometrical; see “Geometrical’* 
machine : see “ Building ” 
ornamental ; see “ Ornamental ” 
Drawing : 
factory, 147-8, 228 
frames for, 223 
Drawings : 
bricklaying, 166 
carpentry, 165 
duplicate, 166 
glaziers’, 166 


Drawings {continued ) : 
iron-foundry, 166 
joinery, 166 
masonry, 165 
plasterers’, 166 
plumbers’, 166 
smiths’, 106 
Drawing-frames : 

factory work, 269 
Drawing-rooms ; 

carpentry of, 201 
DriUs; 

corn, 68 
Drugs : 

calico printing and, 16 
Dunging salts : 

calico printing and, 68 
Dyeing : 

"houses for, 15 


Early English : 

windows in, cxcv 
Eastern : 

steel making, 48 
Eaves : 

carpentry of, 201 
Eccentrics : 

steam-engine, 174 
Elasticity : 

mechanics and, 172, 197-200, 226 
Elevations ; 

architectural, cn, CLi, cevnr 
house : see “House Planning” 
See also “ Conservatories ” 
Elizabethan ; 
conservatories, cxci 
doorways, OLXXXVi 
stables, cciii 
vvindow's, ccxx 
Elkington : 

land diaining by, 79 
Emerald green : 
calico printing iu, 210 
pigments in, 238 
Emetic tartar : 

calico printing and, 179 
English ; 

' bond, 185-6 
bricklaying, 73 
early, exov 
house planning, 80 
Ensilage : 
fo«d amd, 64-6 
food oerived from, 26-8 
live stock and, 26-8 
value of produce of, 26-8, 54-6 
Epsom salts : 

calico printing and, 111 
Etching : 

nitric acid for, 47 
European : 

steel making, 43 
Excavators’ work : 

specifications for, 195 
Expansion : 
mechanical, 57 


Factory work : 
automatic, 269 
bobbin and flyer, 270 
carding in, 1, 2, 42, 146 
carding engines in, 41 
caM rooms in, 41 
» cotton, 1 • 

counts in, 146 
drawing in, 147-8, 223, 269 
drawing-frames in, 269 
deliveries in, 224 
engines for carding in, 146-8 
flyer and bobbin, 270 
frames for drawing in, 148, 228, 
269 • 

hand, 146 

lap machines in, 42 
Leigh’s machines for, 147 
machine, 146 


Factory work (eon^intted) ; 
opening in, 147 
rollers in, 224, 269 
roving in, 271 
self-cleaning in, 1, 2 
Blubbing in, 270 
stop motion in, 269 
stripping in, 1, 2, 146 
Farming ; 
bulk of, 258-4 
chemistry of soils and, 254 
constituents of plants and, 118 
corn-drills and, 53 
cultivating implements for, 254 
cultivation and, 53 
deep culture in, 166 
details of, 52 
drainage and, 118 
drills and, 68 

fertilising constituents and, 254 
fertilisation and, 118 
germination iu, 156 
good system of, 254 
growth and. 117 
harrows and, 68 
implements for, 118, 254 
inorganic constituents and, 156 
machinery and, 53, 117-18 
mechanics and, 53 
plant life and, 118 
plants and, 258-4 
ploughs and, 63 
principles of, 117 
pulverisation of soil in, 155 
rollers and, 63 
rootlets and, 118, 165 
soils and, 117-18, 155-0, 254 
soui’ces in, 253-4 
stirring of soil in, 156 
tillage and, 53 
tilth in, 155 
Fences : 

road-making and, 118-14 
Ferric acetate : 

calico printing and, 112 
Ferrous acetate ; 

ciilico printing and, 112 
Ferrous sulphate : 

calico printing and, 113 
Fertilisation ; 

farming and, 118 
Finials : 

masonry of, CCIX 
First-floors ; 

planning of, CMX 
Fishing ; 

carpentry, 127 
Flats : 

houses in, 84, 139-4(> 

Flemish ; 
bond, 185-6 
bricklaying, 73 
Floors; 
carpentry, 71 
joists for, 45 
streets and house, OLXIX 
Flower-plots ; 

gardening and, CXLV 
Fluxes : 

iron making, 193 
Flyer and bobbin : 

factory work and, 270 
Fly-wheels : 

mechanics and, 6 
Food : 

ensilage and, 26-8, 54-6 
Food for cattle ; 
analyses of, 107-8, 124-5 
beans as, 107-8 
cabbage as, 108 
cereals as, 107-8 
clover as, 108 
condimental, 206-7 
condition of, 206 
cooking of, 206 
cutting of, 145 
economical, 208 
flavouring of, 206 



(d for cattle [continued) t 
rasses an, 108 
ay as, 108 
inds of, 200 

)guminous seeds as, 107*<8 
itrogeDOUs. 01-2 
utritiro parts of, 124-6 
il eake as, 108 
reparing of, 206 
ulping of, 145 
iiaiity of, ‘2HH 
efuse, 107-8 
oots as, 145 
licing of, 145 
traw as, 146 
umips as, 107-8 
)iiugs : 

tricklaying, 160 
)tpat}is : 

oad making and, 251*2 
•ce : 

ncchanical, 260 
indatioDS : 
iricklaying, 169-60 
oad making, OLXviii 
kmes : 

actory work, 148, 260 
^ming : 
arpentry, 71 
>nch : 

tandards of screws, 66 
rhite, 180 
windows, 134 
d : 

ron making and, 191-2 
maces ; 
ilast, 198 
barging of, 198 

xampJes of, CLXXX, CLXXXIX, 
ocv 
don : 

ron making, 215, 229 


rancin : 

allco printing and, 240 
rdeniug : 

Tchitecture and, ccir, cox 
viariea and, cxoi 
onserTatorius and, cxci, oxovii, 
OCX 

oors and, 201 

ilizabethan conservatories and, 
OXOI 

owcr-plots in, CXLV 
iosks and, cxci 

olling-roof conservatories and 
oxci 

astio work in, cLXVi, cLXXtv, 
OXCIX 

liding-roof conservatories and, 
oxor 

ommer-houBes and, oxor 
'udor conservatories and, OCX 
.es: 

Arpentry of, con 
jinery of, con, coxi 
.ewnys : 

ricklayiDg of, con 
lasonry of, ocil, ccxi 
^metrical draiightsmanship : 
ngles in, 92-8 

irmes and triangles in, 221 
efinitions in, 221 
Ividing in, 92-3, 152 
^ailateral triangles, 221 
temples of,cxLviii,cxLix,ccvi, 
ooxv, 244, COXVIIl, COXXIII 
gures m, 181, 221 
osceloB triangles in, 222 
nes in, 92-8, 151 
irallels in, 92-8 
lanes in, 181 
>inta in, 92, 221 
dygons in, 181-2, 265-6 
loxnboids in, 265-6 
ght-angled triangles in, 222 


INDEX, 


Geometrical Dranglktamansbip 
[continued ) : 
scalene triangles in, 222 
squares in, 245 
straight lines in, 92-8, 151 
surfaces in, 181-2, 221 
terms in, 221 

three-sided figitres in, 182, 221 
triangles in, 181-2, 221-2, 244 
Geometric masonry : 
examples of, cxcv 
windows in, OLXXVii 
Germination : 

farming and, 156 
Girders : 

carpentry, 45 
Glaziering : 

drawings for, 166 
Gothic ; 
buttresses, oo 
curvilinear, oxov 
decorated, oxov 
domestic, coin, ccxi 
doorways, CLXXXVI 
gateways, ccxi 
geometrical, oxov 
perpendicular, oxov 
staoles, coin 

windows, 157-8, OLXXvri, oxov, 
CO, ooxx 
Governors ; 

steam-engine, 122-8 
Grass : 

cattle-feeding with, 108 
Gravity : 

mechanics and, 119-21, 141, 169- 
70 

mechanics and centre of, 67-60, 
88-91 

specific, 141 

Orazicring : nee “ Cattle ” 

Green : 

calico printing in, 239-40 
chromic, 238-9 
copperas, 1 1 2 
emerald, 238, 240 
oxide, 237 
pigments, 237-8 
Bcbeelo's, 289 
veridian, 238 
Ground-floors : 

planning of, cux, ooi, ccviii, 
ccxix, ocxxi 
Ground lines : 

draughtsmanship, 263-4 
Grounds ; nee “ Gardening '• 

Guido bars ; 

fltcain-engino, oxLvn 
G uido blocks ; 

steam-engine, OXLVII 
Guido rods : 

steam-engine, CXLVii 
Gutteis ; 

road making and, 251-2 


Hammers : 

mechanics and, 5 
Handrails ; 

joinery of, 202 
HaiTOws : 

farming and, 58 
Hay ; 

cattle-feeding with, 108 
Hcaddfs : 

bricklaying, 78 
Heat : 

iron making and, 261 
mechanics and, 86, 87 
rod, 261 
white, 261 
Height lines ; 

draughtsmanshi]^, 268-4 
Heslop : 

steam engines by, 77-8 
Hoop-iron ; 
biicklaying and, 182 


Horizontal : 
carpentry, 45-6 
lines, 268-4 
House-planning : 
attic-floor, OLXXXiv 
basements in, CLX, CLXXXIV, 
CCVJII 

cellars in, CLX, CLXXlit, ocxxi 
chamber floors in, CLXXix, cci, 
CCXIX 

cottages in, oxxix, cci 
detached, oxxix 
details of, CLtx, CLX, 29, 80 
elevations in, clxt, olxii, 88, 

CLXX, CLXXIX, CLXXXIV, 
oxen, cxoiii, CCI, CCVIII, 
coxix 

English system of, 80 
flat system of, 84, 139-40 
floors in, OLXix 
first-floors in, CLix, CLXxxiv 
ground-floors in, OLix, CLXI, 
OLXTI, CLXXIX, CLXXXIV, 
cci, CCVIII, CCXIX, OCXXI 
improvements in, 29, 30 
Italian, ocviii 
middle classes and, 29, 80 
Scottish, 139-40 
second-floors in, CLX 
semi-detached, CLXXIX, cci 
separate, 80 
stairs of flats in, 84 
streets and, 30, 84, 139-40, CLXIX, 
CLXX 

suggestions for, 80 
villa, CLXXIX, ccvjir 
working classes and, 29, 80 
Hydrates: 

calico printing and, 112 
pigments and, 287 
Hydrochloric acid : 
calico printing and, 47 
specific graviw of, 47 
strength of, 4/ 

Hydrometers : 
calico printing and, 48 
mechanics and, 170 
Hydrostatic balance : 

mechanics and, 148 
Hypochlorite of lime : 
calico printing and, 111 


Impact : 

mechanics and, 84, 35 
Implements ; 
cultivating, 254 
farming and, 118 
Incidence : 

mechanics and, 227 
Indigo : 

calico printing with, 240, 267 
dyeing with, 1 5 
Inorganic constituents ; 

farming and, 156 
Iron : 

acetate of, 112 
black liquors of, 112 
calico printing and, 112 
liquor, 112 

masonry and, 20, 21, 75 
muriate of, 112 
nitrate of, 112 
salts of, 112 
spongy, 229-31 
steel made from cast, 212 
Iron-founding : 

drawing for, 166 
Iron-making : 

appliances for, cxc, CLVi, OLXvii, 
CLX XXIII, ccxii 
blast-furnaces and, 193, 213-15, 
229-81, 261-2 
carbon andjJBl 
cast, 261 M 
charging m; 198 
Cleveland, 218 
conversion in, 215 


Iron-making [continued ) : 
crucibles in, 261 

debasing constituents and, 229-81 

final pr^ucts in, 261 

fluxes for, 198 

fuel for, 191-2 

fusion in, 215, 229 

licat in, 

localities of, 185-6, 161 
management of, 262 
manganese and, 280 
phoBpliorus and, 229 
pig, 261 

production in, 213 
products in, 261 
qualities and, 261 
red heat in, 261 
reduction in, 190, 214-15, 261 
regions in, 215 
silicon and, 280 
slag and, 261 
smelting in, 190 
spongy iron and, 229-81, 261 
Staffordshire, 213 
sulphur and, 280 
trade qualities in, 261 
Ulvorstone, 21 8 
white heat in, 261 
zones in, 215, 261 
Iron ore : 

steel direct from, 44, 81, 109-10 
Iron plates : 
proportions of, 56 
thicknesses of, 66 
weiglits of, 56 
Ironwork : 

ornamental, ccvir 
Iron yellows: 

calico printing and, 239 
Italian : 
masonry, ccxi 
villas, covin 


Jambs : 

bricklaying, 106 
Joinery : 

architraves in, 133 
bay windows in, 183 
bedroom windows in, 202 
bow Avindows in, 183 
braced doois in, 23 
breakfast-roorn window’s in, 204 
casement window's in, 134 
casings of doors in, 102 
cellar doors in, 202 
door casings in. 102 
doors in, 23, 101, 133, 201 
drawing-room windows in, 201 
drawings for, 165 
examples of, 22, 23, OXOVi 
four-panelled doors m, 183 
framed doors in, 23 
French windows in, 184 
garden doors in, 201 
gates in, ccii, ccxi 
handrails in, 202 

1 ‘oints of doors in, 102 
dtchen w'indow's in, 202 
ledged doors in, 28 
mortises in, 101 
panelled doors in, 101 
panelling in, 133 
rails in, 101-2 
sash windows in, 188 
scullery wdndows in, 202 
shutters in, 18^1 
specifications of, 201-2 
staircases in, 202 
styles in, 101-2 
Venetian windows in, 188 
V windows in, 183 
water-closets in, 202 
window abutters in, 188 
w'lndow’s in, 1884, 188, 201-2 
Joining : 
masonry, 20 



IJSTDEX. 


277 


Jointi : 

bricklaying breaking, 74 
carpentry Bpecial, 7l 
door, 102 
Joists: 
bridging, 45 
carpentry, 71 
oeifing, 45 
flooring, 46 
Junctions : 

carpentry, 46-6, 99-100 


Keys : 

steam-engine, OXLVII 
King-closers : 

bncklayiug with, 106 
King-posts : 

carpentry, 100 
Kiosks ; 

architecture of, oxoi 
Kitchens : 
windows of, 202 


Lancet arches : 

masonry of, OXCV 
Land draining : 
advance in, 79 
covered, 79 

Deanston system of, 80 
deep, 79-80 
• depth in, 110 
distances apart in, 116 
Elkington system of, 70 
history of, 79 
Parkes’ system of, 80 
Smith’s wyvStem of, 80 
thorougii, 79 
underground, 79 
Lap machines : 

factory work and, 42 
Layers : 

bricklaying, 74 
Lead : 

calico printing and, 179 
nitrate of, 179 
salts of, 179 
sugar of, 179 
yellows, 2,*J9 
Leguminous seeds : 

cattlc-feediug with, 107-8 
Leigh : 

carding machines by, 147 
Lime : 

acetate of, 111 
calico printing and, 111 
chloride of, 111 
hypochlorite of, lU 
slaked, 111 
Lines : 

dividing of, 92-8, 161 
draughtsmanship, 263-4 
geometrical, 92-8, 161 

g round, 2G3-4 
eight, 268-4 
horizontal, 2634 
mechanical, 258-60 
straight, 258-60 
Liquids : 

mechanics and, 169-70 
Live stock : 

ensilajge and, 26-8 
Local boards X 
drawings for, 684 
Logwood : 

calico printing and, 267 


Haohinery : 
calico printing, 15 
farming, 58, 117-18 
lap, 42 
ICadder : 


calico printing and, 240 


Hagnesium : 
cblorido of, 111 
salts of, 111 
sulphate of, 111 
Kanganesc : 
brown derived fron^ 240 
iron-making and, 260 
Masonry : 

arches in, exov, 129-30 
balustrades in, ccxi 
bars in, 75 
base courses in. 76 
base mouldings in, 103 
bearing-plates in, 21 
binding in, 21, 76 
blocks in, 76 
bolts in, 21, 75 
buttresses in, go 
chimney-cap, 129-80 
chimney-pieces in, 201 
configuration in, 76 
cornices in, 104 
courses in, 76-6 
cramping in, 20 
crosses in, ocix 
curvilinear, olxxtii, oxct 
decorated, OLXXVii, cxcv 
domestic buildings and, 76 
domestic Gothic, cciil, COXI, 
ocxx 

doorways in, CLXXXVi 
drawings for, 165 
Earlv English, cxcv 
Elizabethan, CLXXXVI, CCIII, 
CO XX 

equilateral arches in, cxcv 
examples of, CLXiii, CLXXI 
finiala in, ccix 
gateways in, coil, ocxi 
geometric, CLXXVll, exov 
Gothic, OLXXVII, CLXXXVI, CXCV, 

CO, c(’in, CCXI, coxx, 167-8 
iron in, 20, 21, 75 
Italian, C(!XI 
joining with iron in, 20 
lancet arches in, cxcv 
lower courses in. 76 
mouldings in, 1034, 129-30 
mnllions in, 167-8 
nuts in, 21, 76 

pei-pcndicular stylo of, CXCV 
plates in, 21 

IDublic buildings and, 76 
quoin dressings in, 167-8 
rods in, 21 
screws in, 21, 76 
shape of stones for, 75 
side dressings in, 157-8 
specifications for, 196, 201 
stables in, com 
strengthening of, 21 
string-courses in, 104 
tension-bars in, 76 
tie-rods in, 21 

windows in, cLXXVii, cxcv, OC, 
ccxx, 157-8 

window head, 129-30, 157-8 
window sills in, 201 
Mecluinics : 

action and, 171-2, 200, 257 
angles in, 227 
appliances in, 6 
arresting of motion in, 5 
attraction and, 170 
balancing in, 59-60 
blows in, HI, 257 
carriage wheels and, 121 
centre of gravity, in, 57-0, 88-91, 
119-21 

changing of motion in, 269-60 
collisions in, 34 
concussion in, 
condition in, 87 
contact in, 35 
contrivances in, 6 
dilatation in, 57 
direction of motion in, 269-60 
elasticity in, 172,197-200,226 


Mechanics (continued ) : 
expansion in, 57 
farming and, 58 
fly-wheels in, 6 
force in, 260 

gravity in, 67-60, 88-91, 119-21, 
141, 169-70 
hammers in, 5 
hes^t in, 86, 87 
hydrometera and, 170 
hydrostatic balance in, 143 
impact in, 84, 85 
incidence in, 227 
lines in, 258-60 
liquids and, 169-70 
momentum in, 5-8 
motion in, 5, 258-60 
moving bodies in, 6, 85 
non-elasticity in, 200 
object lessons in, 68-60 
physical phenomena and, 170 
reaction and, 171-2, 200, 257 
rebound in, 226 

recoil and, 172, 197-200, 226, 257 
reflection in, 227 
repulsion in, 36, 170, 225 
resiliency and, 172, 197-200 
resisting of momentum iu, 5 
rolling motion in, 119-21 
security in, 88-91 
shocks ill, 84 

specific gravity in, 141-8, 170 
sprin^^iness in, 226 
springs of carriages and carts in, 
6-8 

stability in, 88-91 
straight lines in, 258-60 
striking in, 267 
strokes in, SI 
temperature in, 87 
uniformity of motion in, 259-60 
velocity and, 172 
wheels and, 121 
Middle classes : 

house planning for, 20, 30 
Mineral colours : 

calico printing and, 180 
Momentum : 
mechanics and, 5-8 
resisting of, 6 
Mordants ; 

calico printing, 15, 10 
Mortices : 

joinSry.J01 
Motion: ^ 
arresting of, 5 
changing of, 269-60 
direction of, 269-60 
mechanical, 258-60 
stop, 269 

uniformity of, 259-60 
Mouldings : 

examples of, CLXXXI, ccxiri, 
ccxvi 

maeoury, 129-80 
masonry base, 103 
Moving bodies : 

mechanics and, 35 
Mullions : 

masonry, 157-8 
Muriate of alumina : 

calico printing and, 112 
Muriate of iron : 
calico printing and, 112 

» ) 
Nature : ' 

draughtsmanship andj 8, 4 
Newcomen’s stsam-engincs, 25, 88- 
40 

Nitrate of alumina : 

calico printing and, 111 
Nitrate of copper : 

calico printing and, 180 
Nitrate of iron : 

calico printing and, 112 
Nitric acid : 
calico printing in, 47 


Nitric acid (continued ) : 
etching with, 47 
gravity of, 47 
solutions of, 47 
Nuts : 

masonry, 21, 75 


Object lessons : 

draughtsmanship, 31-3 
Offsets : 

bricklaying, 160 
Oil-cake : 

cattle-feeding with, 108 
Opening ; 

factory work, 147-8 
Orchil ; 

calico printing and, 268 
Ornamental draughtsmanship : 
nature in, 8, 4 
shading in, 85-7 
Oxalic acid ; 

calico piinting and, 67 
Oxides : 

pigments and, 287-8 


Painting; 

specifications of, 202 
Pauelling : 

joinery, 101, 113 
Parallels ; 

geometrical, 92-8 
Parkes : 

land draining by, 80, 116 
Partitions : 

carpentry of, 71, OLXXVIII 
Peach wood : 

calico printing and, 268 
Pearlash : 

calico printing and, 67 
Permanganate of potash : 

calico printing and, 111 
Perpendicular Gothic : 

windows in, cxcv 
Perspective : 

draughtsmanship, 286, 2634 
Phosphorus ; 

iron making and, 229 
Physical phenomena : 

mechanics and, 170 
Picture planes : 

draughtsmanship, 2684 
Piers : 

bricklaying, 159 
Pig iron : 

making of, 261 
Pigments : 
air in, 287 
ammonia in, 287 
bichromate of potash in, 237 
bichrome in, 287 
blues in, 288 
carbonates in, 287 
carbon in, 287 

chemistry of copper and, 288 
chlorides in, 237 
chromate of soda in, 237 
chrome yellows in, 238 
chromic greens in, 288 
chromic oxides in, 287-8 
chromium chlorides in, 287 
chromium hydrates in, 287 
copper in, 288 
dioxide of carbon in, 237 
emerald greens in, 238 
greens in, 287-8 
hydrates in, 287 
oxide greens in,* 237 
oxides in, 237 
potash in, 287 

potassium carbonates in, 237 
Prussian blues in, 238 
soda in, 287 
starch in, 237 
ultramarine blues in, 288 
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PigmenU {continued ) : 
veridian greens in, 238 
water in, 287 
yellows in, 288 
Pink liquor : 

calico printing and, 112 
PistouB : 

Bamsbottom, 1 22-3 
8teain*engine; 88 
Pianos : 

draughtsmanship, 10-12. 2i;3-4 
Plans : 

draughtsmanship, 235-G 
Plants ; 
bulk of, 2634 
constitueuts of, 118 
life of, 118 
soils and, 263-4 
sources of, 268-4 
Plastering : 
draw'ings for, ICO 
specifications of, 202 
Plates : 

tnasonry, 21 
Ploughs : 

fanning and, 63 
Plumbing ; 
drawings for, 1(50 
specifications of, 203 
Points ; 

geometrical, 92 
Points of sight : 

draughtsmanship, 2(53-4 
Pole-plates : 

carpentry, 71 
Polygonal figures ; 

draughtsmanship, 2G5-G 
Potash ; 

bichromate of, 68 
bisulphato of, 08 
calico printing and, 48 
caustic, 48, C7 
chlorate of, (58 
chromate of, (58 
permanganate of, 111 
pigments and, 237 
Potassium : 

pigments and, 237 
Projections : 
bricklaying, 209 

draughtsmanship, 10-12, 236-C, 
2(53 

Protochlorite of tin ; 

calico printing and, 179 
Prussian blue : 

calico printing with, 239 
Public buildings : 

masonry and, 76 
Pupils : 

workmen as, 189, 255 
Pui-lins : 

carpentry, 99 
Pyroborato of soda ; 
calico printing and, 68 

Queen-posts : ^ ^ f 

carpentry, 71, lO} ;"} ’ ’ 

Quoins ; . * ’ 

inasonpr, Isfwg 

** ^4. 

Bafters:' ' , 

carpentry of, 71, 99 
Bails: 

joinery, 101-2 
Bamsbottom : 

pistons by, 122 
Beaction : 

mechanics and, 171-2, 200, 257 
Bebound : « 

mechanics and, 226, 257 
Becoil : 

mechanics and, 172, 197-200, 220, 
257 
Bed: 

calico printing and, 180 
mordants for, 15 


Bed heat : 

iron making and, 261 
Bed liquor : 

calico pi iuting and, 111 
Beduction : 

iron making and, 190, 214-16, 261 
Beflection ; 

mechanics and, 227 
Begions : 

iron making, 216 
Bepulsion ; 

moohanicfl and, 83, 170, 226 
Bcsilienc 3 r : 

mechanics and, 172, 197-200 
Betaiuing walls : 

road making and, 114 
Beturns : 

bricklaying, 209 
Beveala : 

bricklaying, 106, 181 
Bhomboids : 

draughtsmanship, 206-6 
Boad making : 
breadths in, cLXViri 
brick walls in, 114 
consolidation in, olxviii 
cuttings in, olxvjij 
drains in, 1(57-8 
examples of, or.xviii 
fences and, 113-14 
footpaths ill, 261-2 
foundations in, cnxviii 
gutteis in, 261-2 
retaining walls in, 114 
rural w ork and, 1 1 1 
rustic work and, lU 
slopes in, clxviit 
stone walls in, 1 14 
surfaces in, ci.xviir 
timber work of, 1 13-14 
walls and, 114 
Bods : 

masonry, 21 
Bolleis : 
factory, 221, 2(59 
farming and, 63 
Bolling motion : 

mechanics and, 119-21 
Hoofs : 

carpentry of, 71, 99, 127-8 
timber for, 201 
Bootlets : 
farming and, 165 
uonriBiimcut of, 118 
Boots : 

cattle-feeding with, 107-8 
Boving ; 

factory work, 271 
Bural work : 

road making and, 114 
Bustic work ; 

gardening, clxv'I, CLXXir, cxcix 
road making and, 114 


Ral ammoniac ; 

calico printing .and, 111 
Balts : 

alkali, 68, 111 
alumina, 111 
antimony, 179 
calico printing and, 1C, 68 
chromium, 112, 179 
copper, 180 
dunging, 68 
Epsom, 111 
iron, 112 
lead, 179 
magnesium, 111 
tin, 179 
Sandal wood ; 

calico printing and, 208 
Sanders : • 

calico printing and, 268 
Sanitation : 

architecture and, 17-19, 69-70, 
216, 240-8, 271, OLV, CXOVUI 


Sashes : 
window, 188 

Savery’a steam engines, 26 
Scarfing : 

carpentry, 127, 163 
Scantlings : 

carpentry, 201 
Scheele’s : 

green, 289 
Scottish : 

fiats of houses, 139-40 
Screws : 

Prench standards of, 56 
masonry, 21, 76 
threads of, 56 
Sculleries ; 

windows of, 202 
Second-floors : 

planning of, OLX 
Security : 

mechanical, 88-91 
Seeds : 

cattle-feeding with, 107-8 
germination of, 166 
Self-cleaning : 

factory work, 1, 2 
Semi-detached : 

cottages, CCl 
Sewerage : 

architecture and, 17-19 
Shading : 

ornamen tal drau ghtsma uship, 86-7 
Shear steel : 

making of, 164 
Shocks : 

mechanics and, 34 
Shutters : 

joineiy of, 183 
Silicate of soda : 

calico printing and, 08 
Silicon : 

iron making and, 230 
Slag: 

iron making and, 261 
Slating : 

specifications of, 202 
Slubbing : 

factory work, 270 
Smelting ; 

iron making and, 190 
Smith of Deanston ; 

laud draining by, 80 
Smiths’ work : 
drawings for, 166 
specifications of, 202 
Soda: 

acetate of, 68 
aliiminatc of, 112 
anhydrous carbonate of, 48 
arseniate of, 68 
ash of, 67 
binarseniat© of, 68 
calico printing and, 48, 112, 179 
carbonate of, 48 
caustic, 67 
chlorate of, 68 
chloride of, 68 
citrate of, 68 
crystals of, 48, 67 
glass, 68 
gravity of, 48 
pigments and, 287 
pyroborate of, 68 
silicate of, 68 
Btannate of, 179 
sulphate of, 68 
Soils : 

chemistry of, 254 
farming and, 117-18, 155-G, 254 
germination and, 156 
inorganic constituents and, 166 
pulverisation of, 165 
stiping of, 156 
Specific gravity : 

me^nics and, 141-8, 170 
Speewktions ; 

arcniteotaral, 166, 194-6, 201-2 
biioklaying and, 196 


Speoilioations {continued ) : 
carpentry, 201 
conditions in, 195-6 
excavators* work and, 195 
joinery, 201-2 
masonry and. 196, 201 
painting, 202 
plastering, 202 
plumbing, 208 
slating, 202 
smiths’ work and, 202 
Spindles : 

steam-engine, oxi.vii 
Splayed bricks : 

bncklaying with, 100 
Spongy iron : 

iron making and, 229-81, 261 
Springiness : 

meimanics and, 220 
Springs : 

cariiage and cart, 6-8 
Squares : 

draughtsmanship of, 244 
Stables : 

bricklaying of, (’('in 
designs for, com 
Stability : 

mechanical, 88-91 
Staffordshire : 

iron making, 213 
Staircases : 

joinery of, 202 
Stairs : 

houses in flats and, 84 
Stannatc of soda : 

calico printing and, 179 
Starch : 

pijrmcnts and, 237 
Station points : 

draugntsinnnship, 263-4 
Steam-engines : 
bars of, rxi.vii 
blocks of, cxr.vii 
bushes of, cxLVit 
condensers of, 174, 249 
connecting rods of, 219 
cottars of, (jxi.vii 
cranks of, 260 
early, 24 
(‘ccentrics of, 174 
goye^rnors of, 122-3 
guide bars of, (^XJ.vir 
guide blocks of, cxLvii 
guide rods of, cxLVii 
Heslop, 77-8 
keys of, cxLVii 
kinds of, 24 
Newcomen's, 25, 88-40 

S istons of, 98, 122-3 
.amsbottom pistons of, 122 
Savery’s, 26 
ppindles of, cXLvn 
throttle valves of, 122-3 
valves of, 122-8, 173-4 
various kinds of, 24 
Washbrough’s, 97-8 
Watt’s experiments in, 38 
Steel making : 

Bessemer, 241-3 
cast, 211 

cast iron and, 212 
Catalan, 48 

cementation process of, 168 
continuation of, 187 
crucible, 164, 211 
direct, 44 

early methods of, 48 
Eastern, 48 
European, 48 

iron ore and, 44, 81, 109-10 
shear, 164 
Wootz, 48 

Stone-masonry ; eet “ Masonry ** 
Stop motion : 

factory, 269 
Stoves : 

examples of, OLXXX, oriXXXiXi 
oov 
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Straight lines : 

mecbanicalf 258*00 
Straw ; ^ ^ ^ 

cattle-feeding with, 10/ -8 
Streets : 

elevations in, 84, oi.xx 
floors of houses in, OLXix 
house planning for, 80, 180-10 
Stretchers : 

bricklaying, 73 
Striking : 

mechanical, 257 
String courses : 

masonry, 104 
Stripping : 

factory work, 1, 2, 146 
Strokes : 

mechanics and, 84 
Styles; ^ 
joinery of, 101-2 
Succession : 

bricklaying, 74 
Sugar of lead : 

calico printing and, 179 
Sulphate : 

calico printing and ferrous, 112 
Sulphate of copper : 

calico printing and, 180 
Sulphate of indigo ; 

calico printing and, 2G7 
Sulphate of magnesium : 

calico printing and, 111 
Sulphate of soda : 

calico printing and, G8 
Sulphide of copper ; 

calico printing and, 180 
Sulph-indigotic acid : 

calico printing and, 207 
Sulphur ; 

iron liuikiug and, 230 
Sulphuiic acid : 
calico printing and, 47 
characteristics of, 47 
gravity of, 47 
solutions of, 47 
Summer-houses : 

architecture of, (’xci 
Surfaces ; 

draughtsmanship of, 10-12, 221 
road making, CLXViii 


Tannic acid ; 

calico printing and, 67 
Tartar emetic ; 

calico printing and, 179 
Tartaric acid : 
calico printing and, 67 


Teachers : 

workmen and, 189, 255 
Technical education : 
public, 204 

workmen and, 187-9, 208, 256 
Temperature : 

mechanics and, 87 
Tension bars : 

masonry, 75 
Theorists ; 

practical men and, 187-9 
Three-sided ligures : 

draughtsmanship of, 221 
Throttle valves ; 

steam-engine, 122-8 
Tie-beams : 

carpentry, 99-100 
Tie-rods : 

masonry, 21 
Tillage ; 

farming, 53 
Tilth ; 

farming and, 155 
Timber : 
carpentry, 201 
quality of, 201 
road-making, 113-11 
roofing, 201 
Timber bonds ; 

bricklaying, 131 
Tin ; 

aaetate of, 179 
calico printing and, 179 
crystals of, if 9 
protociilorite of, 179 
salts of, 179 
Tiiandes ; 
circles and, 221 

draughtsmansliip of, 221-2, 244 
equilateral, 221 
isosceles, 222 
ri gilt-angle, 222 
scalene, 222 
Trioxide of arsenic ; 

calico printing and, 179 
Tudor : 

cousorratories, ccx 
Turnips : 

cattle-feeding with, 107-8 


Ulverstone: 
iron making, 213 


Valves ; 

steam-engine, 122-8, 173-4 
Vanishing points ; 
draughtsmanship, 208-4 


Velocity ; 

mechanics and, 172 
Venetian : 

windows, 183 
Ventilation : 

architecture and, 17-19 
Veridian green : 

pigments in, 238 
Vertical : 

carpentry, 45-6 
Villas ; 

planning of. CLXXIX, ccvill 
Italian, ccviii 
Violet colours : 

calico printing and, 180, 289 
Vitriol : tee “ Sulphuric Acid ” 
Volatile alkali : 

calico printing and, 68 
V windows : 
joinery, 188 


Walls; 

architecture of, 210 
bearing, 159 
bond in, 185-6 
brick, 114 

bricklaying and, 73-4, 181, 209-10 
bricks as materials for, 216 
cavity, 210 
damp. 216 

Pleniiah bond in, 185-6 
high, 184 
hollow, 210 

Old English bond in, 186 
plain-nmning, 185 
plates of, 71 
retiiining, 114 
road making and, 114 
stone, 114 
straight, 185 

thickness of, 182, 181, 209 
varieties of, 160 
Wall-plates ; 

carpentry, 71 
Wasbbrough ; 

steam engines by, 97-8 
Water : 

pigments and. 237 
Water-closets : 

joinery of, 203 
Water-glass ; 

calico printing and, 68 
Wat^; 

experiments by, 38 
Wieels ; 
fly, 6 

mechanics and carriage, 119-21 


White heat t 
iron making and, 261 
Whites ; 

calico printing and, 180 
Windows ; 
bay, 183, 201 
bow, 183 
carpentry of, 201 
casement, 183 
French, 183 
Gothic. 157-8 
heads of, 129-30, 157-8 
joinery of, 188, 201-2 
masonry of, 157-8, OLXXVii, oxcv, 
cc, ccxx 
sash, 133 
shutters of, 183 
sUU of, 201 
V, 188 

Venetian, 188 
Wood: 

bricks, 181 
Wootz : 

steel making, 43 
Workmen : 
advantages to, 205 
business relations of, 187-9 
chances of, 205 
desires of, 255 
determinations of, 255 
difficulties of, 20 J 
facts for, 256 
friends of, 255 
house planning for, 29, 30 
individual efforts of, 204 
knowledge by, 265 
long hours of, *i03 
practical, 187-9 
public teaching of, 201 
pupilage of, 189, 255 
short leisure of, 203 
studies by, 203-5, 265-6 
success of, 205 
teachers of, 189, 255 
technical education and, 203,266 
technical studies by, 187-9 
tiieorists and, 187-9 
thouglit by, 266 


Yellow ; 

calico printing and, 68, 239 
pigments in, 238 


Zones : 

iron making, 215, 261 
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